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Appendix A
Environmental Justice Analysis

A.l Introduction

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and
Low Income Populations, directs Federal agencies to identify and address, as appropriate,
disproportionately high and adverse human health or environmental effects of their programs, policies, and
activities on minority and low-income populations. Executive Order 12898 also directs the Administrator
of the Environmental Protection Agency to convene an interagency Federal Working Group on
Environmental Justice. The Working Group is directed to provide guidance to Federal agencies on criteria
for identifying disproportionately high and adverse human health or environmental effects on minority and
low-income populations. The Working Group has not yet issued the guidance directed by Executive Order
12898, although it has developed working draft definitions. The definitions used in this analysis are based
on the draft working definitions. Further, in coordination with the Working Group, DOE is in the process
of developing internal guidance on implementing the Executive Order. Because both the Working Group
and DOE are still in the process of developing guidance, the approach taken in this analysis may depart
somewhat from whatever guidance is eventually issued.

This appendix addresses environmental justice for the acceptance of foreign research reactor spent nuclear
fuel containing uranium enriched in the United States. Analyses of environmental justice concerns are
provided in three areas: (1) potential ports of entry, (2) potential transportation routes from candidate ports
of entry to interim management sites, and (3) arcas surrounding potential interim management sites. These
analyses lead to the conclusion that the alternatives analyzed in this Environmental Impact Statement (ELS)
would result in no disproportionately high and adverse effects on minority populations or low-income
communities surrounding the candidate ports, transport routes, or interim management sites.

A.2 Concerns and Definitions

Public comments show a widespread concern for public health and safety because spent nuclear fuel is
radioactive. Two related environmental documents (DOE, 1995 and DOE, 1994) have been published
recently which address the safety and potential health issues due to transportation and storage of spent
nuclear fuel. Analyses of radiological health effects in those documents as well as this EIS (see Chapter 4)
demonstrate that the expected health effects are small. In the case of spent nuclear fuel from foreign
rescarch reactors, no fatalities are expected due to radiological exposure or traffic accidents. No
significant health effects are expected for the general population. Consequently, there would be no
disproportionately high or adverse human health effects imposed on any population segment. In the
sections below, minority and low-income populations are identified in the areas near potential candidate
ports of enfry, potential interim management sites, and potential transportation routes. The 1990 census
data were used in this appendix as the basis of the analysis (DOC, 1992). This allows equal comparison of
data between ports, sites, and routes in different states.
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APPENDIX A

The analysis uses the following draft definitions:

e Minority — Individuals classified by the U.S. Burean of the Census as
Negro/Black/African American, Hispanic, Asian and Pacific Islander, American Indian,
Eskimo, Aleut, and other non-White persons. The minority population in an affected area
is the number of individuals residing in the area who are members of a minority group.

s Low-Income Community — An area for which the median household income is 80 percent
or below the median household income for the metropolitan statistical area (urban) or
county (rural). While “80 percent” is used in this analysis based on definitions used by the
U.S. Department of Housing and Urban Development, this percentage may change in the
final guidelines under preparation by the Working Group and the Department of Energy.

» Disproportionately High and Adverse Human Health Effects — Any human health effects,
including cumulative or synergistic effects, on minority or low-income populations which
substantially exceed generally accepted levels of risk. This is a draft definition prepared by
the Working Group which might change during preparation of the final guidelines.

» Substantially Affect Human Health — To impact human health such that there is a
measurable incidence of any specific illness, disease, or disorder significantly higher than
the national average. This is also a draft definition developed by the Working Group
which might change during preparation of final guidelines.

A.3 Environmental Justice in Areas Near the Candidate Ports of Entry

Under normal port activities associated with receipt of the spent nuclear fuel shipments — including
harbor activities, unloading the ship, transfer of the spent nuclear fuel casks to truck or train, and
movement out of the port city — the dominant radiological impacts were shown in Section 4.2.2 to be the
exposures received by the workers in the immediate vicinity of the shipping cask. These individuals
include inspectors, shipping cask handlers, and truck drivers. Since the intensity of the radiation from the
cask falls off with distance, the doses that might be received by other workers and members of the general
population can theoretically be calculated, but would not generally be measurable or distingnishable from
natural background radiation.

Potential radiological impacts to people residing near the port are associated with low probability (less
than one in a million) accidents that are so severe that the spent nuclear fuel casks rupture and a fire would
burn long encugh around the cask that some of the radioactive material would be released. In this case,
some of the radioactive spent nuclear fuel might be vaporized and lifted by the heat of the fire and carried
downwind of the accident location. Where and how far this radioactive material would go before being
deposited on the ground would depend on how high the heat from the fire lofts it and the particular
weather conditions at the time. Most of this vaporized spent nuclear fuel would be expected to be
deposited in the first few miles downwind of the fire but small amounts could be carried out for several
tens of miles.

Because the particular details of both the accident conditions (such as the severity of the fire) and the
weather conditions at the time of an accident could vary widely, a range of accident conditions and wind
directions, wind speeds, and other weather conditions were examined during the evaluation of accident
effects (see Section 4.2.2.3). Population impact evaluations were performed for distances out to 80 km
(50 mi). Risks of latent cancer deaths were found to range from about 0.003 to 0.000003 latent cancer
fatalities (LCF). No latent cancer fatalitics would be expected due to accidents at ports.
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ENVIRONMENTAL JTUSTICE ANALYSI1S

Containerized spent nuclear fuel casks shipped under the proposed policy would be transferred from the
ship at commercial or military ports by personnel experienced in handling containerized cargo, and
shipped by truck or rail to one of the five candidate interim management sites. Candidate ports may
handle thousands of standard containers each month, unloaded from vessels which can carry up to several
thousand casks. The number of casks to be handled would be small in comparison to routine cargo
handling, thus having a negligible impact on normal port activities.

As part of the environmental justice analysis, distributions of minority populations and low-income
households surrounding candidate ports of entry were estimated from 1990 census data. Although
radiological health effects resulting from an accident are calculated at distances up to 80 km (50 mi), the
largest radiological effects would usually be expected to occur within roughly a 16-km (10-mi) radius of
the accident site. Thus, the distribution of minority and low-income populations is described for circular
areas defined by a 16-km (10-mi) radius, centered at each candidate port of entry.

A.3.1 Distribution of Minority Populations Near the Candidate Ports

The minority population characteristics within 16 km (10 mi) of candidate ports of entry for foreign
research reactor spent nuclear fuel are presented in Table A-1. For comparison, this table lists minority
population features for regions surrounding the ports and for counties which lie partially within the 16-km
(10-mi) radius centered at the port. Population characteristics shown in the table were extracted from
1990 census data available from the U.S. Burean of the Census. The data resolves population
characteristics at the “block group level,” which generally consists of between 250 and 550 housing units.

With the exception of the Port of Wilmington and 2 military ports, MOTSU (Military Ocean Terminal,
SUnny Point) and NWS (Naval Weapons Station) Concord, the percentage of minority populations
residing within 16 km (10 mi) of candidate ports exceeds the percentage of minority populations residing
within the state. Similarly, the percentage of minority populations residing near the candidate ports
exceeds the percentage of minorities residing in counties surrounding the candidate ports. Ports at
MOTSU, NWS Concord, Portsmouth, and Newport News are exceptions with larger percentages of
minority populations in the surrounding counties.

The racial and ethnic composition of minority populations residing near the candidate ports is shown in
Table A-2. In the case of candidate ports located on the east coast, African Americans compose the largest
portion of the minority population. Minority populations residing near the candidate ports on the west
coast are comprised of a more uniform mixture of African Americans, Asians, Hispanics, and Native
Americans. The minority population residing near the Port of Galveston on the Gulf of Mexico is
predominately African American and Hispanic.

The spatial distribution of minority populations residing within 16 km (10 mi) of each of the candidate
ports is shown in the maps of those ports as presented in Figures A-1 to A-11. The circle shown in each
figure has a 16-km (10-mi) radius, centered on the port. As indicated in the legend of each figure,
geographical areas are shaded according to the percentage of minority population within the area.
Resolution in the figures is at the census block group level. Due to variations in the populations of block
groups, the geographical size of any particular block group area is not necessarily proportional to the
numerical population. As an example, for ease of enumeration, the U.S. Bureau of the Census may define
block group boundaries which actually extend into oceans, bays, or lakes. This allows inclusion in the
census data of individuals who reside on boats or offshore houses, a situation particularly predominant in
locations such as Galveston (see Figure A-3).
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A.3.2 Distribution of Low-Income Households Near the Candidate Ports

The number of low-income households near the candidate ports is shown in Table A-3. Except for the
ports of MOTSU and Hampton Roads, the percentage of low-income households immediately surrounding
the port is larger than the percentage of low-income households in the surrounding counties. Similarly, for
most of the candidate ports, the percentage of low-income households near the port exceeds the percentage
of low-income households in the surrounding state, although the ports of Charleston, MOTSU, Newport
News, and NWS Concord are exceptions,

Distributions of low-income households near the candidate ports are shown in the maps of the ports
presented in Figures A-12 through A-22. In these figures, geographical areas defined by census block
group boundaries are shaded according to the percentage of low-income households within the block
group. Since the mumber of households within a block group varies, the size of a shaded area is not
necessarily proportional to the population within that area.

A.4 Environmental Justice Along Transportation Routes

“The dominant radiological impacts associated with the normal or incident-free (accident-free)
transportation activities would be the exposures received by the workers in the immediate vicinity of the
cask, principally the truck drivers or train personnel. These individuals would be the only people receiving
a measurable exposure during a routine spent nuclear fuel shipment.

The dose received by an individual near a spent nuclear fuel cask during shipment would be proportional
to both the distance from the cask and the time of exposure. As discussed in Chapter 4 and Appendix E,
the radiation dose rate from a cask containing spent nuclear fuel decreases with distance from the cask.
Individuals living along the transportation routes would therefore be expected to receive low exposures
because of both their distance from the cask and their short time of their exposure. While it is possible to
make estimates of the collective dose of the population along a route, as in Chapter 4 and Appendix E,
these minuscule doses would only be meaningful in the collective sense.

Ground and barge transportation accidents would be expected to result in no additional radiological
impacts to the population in the vicinity of the accident Potential radiological impacts from low
probability accidents, which vary considerably, would be dependent on the accident conditions (such as
the severity of an associated fire) and the weather conditions at the time of an accident. Since shipping
accidents could occur at any location along the routes, it is not possible to identify the racial and economic
composition of the populations that might be impacted. In general, however, the principal radiological
impacts would be limited to the area within a few miles of the accident location and could be expected to
impact a broad mixture of the population in the area.

Tables A-4 and A-5 show minority populations and low-income households, respectively, residing in
800-m (0.5-mi) wide corridors on each side of the road, rail, or barge routes from each of the candidate
ports of entry to the Idaho National Engineering Laboratory and the Savannah River Site, both of which
could receive spent nuclear fuel in the near term. In these tables, a county is called a *surrounding”
county if its boundaries lic at least partially within the 800-m (0.5-mi) corridor. Routes used for this
analysis are described in Appendix E.

As a general observation, percentages of minority populations residing along ground transportation routes
(Column 7 of Table A-4) from candidate ports on the west coast to the Idaho National Engineering
Laboratory are noticeably less than those for transportation from candidate east coast ports to the
Savannah River Site. In addition, a higher percentage of minority individuals were found to reside along
rail transportation routes than along truck transportation routes. The percentages varied from a minimum
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of 12.5 percent for transportation by truck from Portland, Oregon to Idaho National Engineering
Laboratory to a maximum of 81.9 percent for rail transportation from Savannah, Georgia to the Savannah
River Site.

As shown in Column 7 of Table A-5, similar observations are true for percentages of low-income
households residing along ground transportation routes, In the case of low-income households,
percentages varied from a minimum of 41.0 percent for truck transportation from Portland, Oregon and
Charleston, South Carolina to the Savannah River Site and Idaho National Engineering Laboratory,
respectively, to a maximum of 54.8 percent for rail transportation from Savannah, Georgia to the Savannah
River Site.

Populations residing within 1.6 km of barge routes are numerically very small in comparison with those
residing near ground transportation routes. Percentages of minority populations and low-income
households residing near barge routes are similar to the percentages for ground transportation modes.

A.5 Environmental Justice in Areas Near the Candidate Management Sites

Under normal management site activities associated with receipt and storage of the spent nuclear fuel, the
dominant radiological impacts have been shown to be the exposures received by the site workers in the
immediate vicinity of the spent nuclear fuel cask. These individuals would be principally those working
within the spent nuclear fuel storage facility. The racial and economic composition of these individuals at
each management site that would receive the majority of the dose could vary considerably. Health effects
due to normal operations and accidents at the five candidate management sites are presented in
Section 4.2.4. No latent cancer fatalities or other fatalities would be expected to result from the handling
and storage of spent nuclear fuel from foreign research reactors at the sites. At none of the sites would the
radiological impacts of either normal releases or low probability accidental releases of spent nuclear fuel
be expected to significantly affect the general population outside the management site boundary, including
minority and low-income populations. Consequently, there are no adverse impacts of the proposed action
on these groups.

A.5.1  Distribution of Minority Populations Near the Candidate Management Sites

The distribution of minority populations residing in various arcas surrounding the candidate interim
management sites is presented in Table A-6. This table shows minority populations within an 80-km
(50-mi) radius centered at the interim management site. For comparison, minority populations are also
shown for the counties surrounding each site. A county was included in the analysis if its boundaries lie at
least partially within this circle. As shown in the table, minority populations surrounding the Nevada Test
Site and the Idaho National Engineering Laboratory are numerically small in comparison with those
surrounding the Hanford Site and the Savannah River Site. The minority population surrounding the
Nevada Test Site is relatively large because the boundary of the county containing Las Vegas, NV is
within 80 km (50 mi) of the site. The Savannah River Site has the largest percentage of minorities in the
surrounding area and surrounding counties.

The racial and ethnic composition of minorities surrounding the candidate interim management sites is
illustrated in Table A-7. Hispanics composed nearly 81 percent of the minority population surrounding the
Hanford Site at the time of the 1990 census. The Hanford Site is also surrounded by a relatively large
percentage (about 8 percent) of Native Americans due to the presence of the Yakama Indian Reservation
and tribal headquarters in the State of Washington. The area surrounding the Idaho National Engineering
Laboratory has the second smallest percentage of minorities of all the sites. The surrounding minority
composition is primarily Hispanic, Native American, and Asian. The Fort Hall Indian Reservation lies
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Table A-6 Minority Populations Residing Near the Candidate Interim

APPENDIX A

Management Sites

Savannah River Site 566,823 214,016 37.8 944,982 330,078 349
Idaho National 88 82
Engineering Laboratory 176,311 15,449 265,823 21,828

Hanford Site 383,934 95,042 4.8 565,871 116,610 20.6
Oak Ridge Reservation 863,758 53,185 6.2 1,220,355 65,346 5.4
Nevada Test Site 12,421 2,005 16.1 771,197 186,714 24.0

largely within 80 km (50 mi) of the candidate management site at the Idaho National Engineering
Laboratory. Hispanics and African Americans compose nearly 85 percent of the minority population
surrounding the Nevada Test Site. The total and minority populations residing within 80 km (50 mi) of the
Nevada Test Site are ten times smaller than those of each of the other sites. The Oak Ridge Reservation is
surrounded by the smallest percentage of minorities among the five candidate management sites.
Minorities residing within 80 km (50 mi) of the site comprise approximately 6 percent of the total
population, and African Americans make up nearly 75 percent of this minority population. The Savannah
River Site has the largest surrounding minority population of the five candidate interim management sites:
African Americans compose approximately 94 percent of the minority population residing within 80 km
(50 mi) of this site.

Figures A-23 to A-27 show the distribution of minorities residing within 80 km (50 mi) of each of the
candidate management sites. These illustrations were obtained from an analysis of 1990 census data using
a geographical information system. The data were obtained from U.S. Burcau of the Census Tiger Line
files which contain political boundaries and geographical features, and Summary Tape Files which contain
demographic information. Data were resolved to the block group level, usually 250 to 550 household
units. In the legend of each figure, “P” denotes the percentage of the total population within block groups
comprised of minority members. The most heavily shaded arcas shown in these figures indicate block
groups for which the minority population exceeds 50 percent.

The minority population residing near the Hanford Site is spread throughout the area with concentrations
in directions northeast, southeast, and southwest of the site. By contrast, the minority population
surrounding the Idaho National Engineering Laboratory resides in quadrants northeast and southeast of the
site. None of the block groups located within 80 km (50 mi) of the Nevada Test Site contained 50 percent
of minority residents during the 1990 census. Due to the sparse population surrounding the site, block
groups would be relatively large in geographical arca. Mingritics within 80 km (50 mi) of the Savannah
River Site reside throughout the area with concentrations south of the site. As discussed above, no
significant radiological health effects are expected for workers or the general population surrounding the
five candidate interim management sites, including minority or low income workers.

A.5.2  Distribution of Low-Income Households Near the Candidate Management Sites

Table A-8 demonstrates the mumber of low-income households in areas surrounding the candidate interim
management sites. Except for the Nevada Test Site, the number of low-income households immediately
surrounding the sites is typical of the corresponding number for surrounding counties. In the case of the
Nevada Test Site, the percentage of low-income households in the area surrounding the site is noticeably
larger than that for the relatively affluent nearby counties.
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ENVIRONMENTAL JUSTICE ANALYSIS

Table A-8 Low-Income Households Near the Candidate Interim Management Sites

Savannah River Site 937 419 332,193 137,883 115
Idaho National Engineering Laboratory 55,109 407 87,723 36,821 42.0
Hanford Site 136,496 42.2 204,501 86,693 424
Oak Ridge Reservation 335,589 147,537 44.0 468,276 206,898 44.2
Nevada Test Site 4,194 2,024 483 301,810 119,625 39.6

Figures A-28 through A-32 show the distribution of low-income households within 80 km (50 mi) of each
of the candidate interim management sites. The symbol “P” in each legend represents the percentage of
low-income households. The heaviest shading indicates where these households total 50 percent or more.

For the Hanford Site, the Idaho National Engineering Laboratory, and the Nevada Test Site, block groups
containing 50 percent or more low-income houscholds lie largely south of the site. Low-income
households reside throughout the 80-km (50-mi) radius, centered at the Savannah River Site. For the
proposed action, no disproportionately high adverse effects are projected for low-income households in the
vicinity of the interim management sites.

Characterization of minority and low-income populations residing within a geographical area is sensitive
to the basic definitions and assumptions used in conducting the analysis to identify them. Both the
Interagency Working Group and DOE are in the process of preparing final guidelines for use in the
evaluation of environmental justice. In the absence of final guidance, the definitions and approaches being
used by and within Federal agencies could vary. For example, this Final EIS and the Programmatic
SNF&INEL EIS present demographic characterizations obtained from the same Census Bureau data base,
but use different definitions and assumptions.

The differences in the definitions and assumptions between the Programmatic SNF&INEL EIS and the
Foreign Research Reactor (FRR) Spent Nuclear Fuel (SNF) Final EIS are as follows:

1. Although both of these EISs use the same 1990 U.S. Census Bureau data base, the
Programmatic SNF&INEL EIS uses data aggregated at the census tract level (2,500 to
8,000 persons) while this Final EIS uses data aggregated at the block group level (250 to
550 housing units).

2. In some cases, census blocks or tracts lie partly within the area being analyzed (i.e., within
the 80-km (50-mi) radius circle around a potential spent nuclear fuel management site).
Since the exact distribution of the populations within such blocks or tracts is not available,
the data is insufficient to allow a precise count. To address this situation, the Programmatic
SNF&INEL EIS includes a low-income or minority population in its analyses if 50 percent
or more of the tract falls within an 80-km (50-mi) radius around the site being considered.
In similar situations, this Final EIS assumes that the general population and the minority
population are distributed uniformly throughout a block group, and includes the fraction of
the low-income or minority population that corresponds to the fraction of the census block
group arca that falls within the 80-km (50-mi) radius circle.
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ENVYIRONMENTAL JTUSTICE ANALYSIS

3. The Programmatic SNF&INEL EIS defines low-income populations as those in a poverty
status as determined annually by the U.S. Census Bureau, based on the Consumer Price
Index, and aggregated by the thresholds set forth by the Census Bureau (i.e., a group of
people and/or a community experiencing common conditions of exposure or impact, in
which 25 percent or more of the population is characterized as living in poverty), a method
used by the U.S. Environmental Protection Agency. This Final EIS uses the definition of
low-income community established by the U.S. Department of Housing and Urban
Development (given in Section A.2 above). Both definitions are permitted under the draft
guidance developed by the Interagency Working Group.

These different definitions and assumptions have resulted in differences in the characterization of
low-income and minority populations. The two sets of data are summarized in Tables A-9 and A-10 and
the most significant differences are discussed below.

Table A-9 Comparison of the Programmatic SNF&INEL EIS’s and the FRR SNF
Final EIS’s Minority Characterization Results

Savannah River Site 619,959 566,823 233,955 214,016 317 37.8
Idaho National 6.8 8.8
Engineering Laboratory 172,366 176,311 11,722 15,449

Hanford Site 370,807 383,934 75,381 95,042 20.3 24.8
Oak Ridge Reservation 867,231 863,758 49,742 53,185 57 6.2
Nevada Tests Site 11,918 12,421 759 2,005 6.4 i6.1

FRR SNF = Foreign Research Reactor Spent Nuclear Fuel

Table A-10 Comparison of the Programmatic SNF&INEL EIS’s and the FRR SNF

e Tadividuals) | (Houseno . al
Savannah River Site 619,959 197,937 107,764 82,930 174 41.9
Idaho National 13.6 40.7
Engineering Laboratory 172,366 55,109 23416 22,452

Hanford Site 370,807 136,496 65,584 57,667 17.7 42.2
Qak Ridge Reservation 867,231 335,589 134,661 147,537 15.5 44.0
Nevada Tests Site 11,918 4,194 1,474 2,024 12.4 483

FRR SNF = Foreign Research Reactor Spent Nuclear Fuel

The minority populations identified are reasonably consistent between the Programmatic SNF&INEL EIS
and the FRR SNF Final EIS, except for results obtained at the Nevada Test Site (the largest proportional
difference) and the Hanford Site (the largest difference in numbers of individuals), as shown in Table A-9.
The range in results for both locations is due to the different aggregations of the demographic data used
(census tracts vs. blocks), and the differences in the methods used to account for the population of tracts or
groups lying only partly within the area being analyzed, as discussed above. For example, both sites are
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located in rural or sparsely populated regions so that census tracts surrounding the sites are relatively large
in geographical area. In addition, the outskirts of Las Vegas, Nevada begin approximately 80 km (50 mi)
from the Nevada Test Site, making the analysis particularly sensitive to differences in treatment of census
tracts or block groups that lie partly within a circle of an 80-km (50-mi) radius centered at that site. Most
areas within the zone of impact of the Nevada Test Site are restricted access and unpopulated land.

As a result of the different definitions used for identification of low-income populations, the results of
these analyses are markedly different, as shown in Table A-10. Both sets of data are correct. They simply
reflect the fact that different definitions and assumptions can result in different characterizations of
low-income populations.

The approach to evaluating environmental justice used in this document may change as a result of future
guidance issued by the Interagency Working Group or DOE. Nevertheless, as demonstrated by the
different approaches discussed above, the conclusions are not expected to change because the impacts
resulting from the proposed action under all alternatives present no significant risk to the potentially
affected populations. As a result, no disproportionately high and adverse effects would be expected for
any particular segment of the population, including minority and low-income populations.
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Appendix B
Foreign Research Reactor Spent Nuclear Fuel Characteristics
and Transportation Casks

B.1 Spent Nuclear Fuel Characteristics

This section presents relevant characterization and other information on foreign research reactor spent
nuclear fuel that could be managed under the proposed action. The information includes:

» Estimated amounts of spent nuclear fuel;

A list of research reactors and foreign countries from which the spent nuclear fuel would
originate;

A description of fuel type design along with important characteristics regarding fuel
design, geometry, and burnup;

A description of the radionuclide inventories for the bounding spent nuclear fuel type; and

An estimation of the number of foreign research reactor spent nuclear fuel shipments.

B.1.1 Estimated Amount of Spent Nuclear Fuel

The proposed action is for the U.S. Department of Energy (DOE) and Department of State to adopt a
policy to manage foreign research reactor spent nuclear fuel which contains uranium enriched in the
United States in a manner consistent with the goals of the U.S. nuclear weapons nonproliferation policy
(see Chapter 2). The amount of spent nuclear fuel from foreign research reactors that would be managed
during the policy period (1995- 2005) is gprommatcly 19.2 metric tons of heavy metal (MTHM) with a
volume of approximately 110 m3 (4,100 ft") representing approximately 22,700 elements! (see Tables B-1
and B-2). Tables B-1 and B-2 provide an estimate of the total amount of spent nuclear fuel that is
currently stored or could be generated in each country by late 2005 (Matos, 1994). These tables also
provide the estimated number of shipments expected from each country. The number of shipments is a
key parameter in evaluating the potential risks associated with the handling and transportation of foreign
research reactor spent nuclear fuel (see Section B.1.6). It should be noted that the number of spent nuclear
fuel elements and the number of shipments presented for each country in this appendix are estimates based
on projections of the numbers of elements to be discharged from foreign research reactors in each country
listed over a 10-year period into the future. These estimates are intended to conservatively bound the total
number of foreign research reactor spent nuclear fuel elements and shipments associated with the proposed
policy. However, the actual distribution of elements and shipments among the listed countries might
change, within the limits of the total numbers of elements and shipments listed, based on actual experience
gained during the lifetime of any policy that may be established,

1 Various fuel forms and geometries are used in the foreign research reactors (see Section B.1.3). In order to reduce
confusion, each individual spent nuclear fuel is called a spent nuclear fuel “element.” An element could be an assembly, a
rod, a pin, or a cluster of rods or pins.
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Table B-1 Estimated Number of Aluminum-Based Spent Nuclear Fuel Elements of
U.S.-Origin Generated by Foreign Research Reactor Operators by January 2006

Argentina® 283 71 9
Australia 975 427 9
Austria 157 191 5
Belgium 1,766 730 59
Brazil® 155 99 5
Canada 2,831 4 478 116
Chile’ 58 12 2
Colombia® 16 2 1
Denmark 660 529 22
France 1,962 3,442 149
Germany 1,504 909 49
Greece” 239 113 8
Indonesia® 198 236 6
Iran® 29 6 1
Israel 192 111 6
ITtaly 150 43 5
Jamaica' 2 1 1
Japan 2,981 3,134 59
Korea (South)® 168 321 7
Netherlands 1,488 1,404 49
Pakistan® 82 16 3
Peru® 29 39 1
Philippines’ 50 24 2
Portugal® 88 54 3
South Africa” 50 10 2
Spain (from Scotland)® 40 16 1
Sweden 1,113 1,374 37
Switzerland 159 128 5
Taiwan 127 66 4
Thailand® 31 5 1
Turkey” 69 89 2
United Kingdom 12 4 1
Uroguay” 19 18 1
Venezuela® 120 82 4

Total 17,803 18,184 675

* Countries other than high-income economies (World Bank, 1994). These are consideredto be
“developing” countries.

Y To derive uranium mass in pounds, multiply the amount by 2.2.

€40 spent nuclear fuel elements of Spain’s JEN-1 Reactor core are stored in Dounreay, Scotland.

In addition, in this Environmental Impact Statement (EIS), DOE is considering potential management of
highly-enriched uraniom (HEU) and low enriched uranium (LEU) target materials from three countries:
Canada, Belgium, and Indonesia. These countries have used, and will be using, target fuels which contain
U.S.-origin enriched uranium to produce molybdenum-99 (99M0), which decays to technetium-99 (99Tc),
a medical isotope. The amount of target materials that is expected to be brought back to the United States
would contain about 556 kg of uranium in 56 to 140 shipments (sce Section B.1.5 for detail).
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Table B-2 Estimated Number of TRIGA Reactor Spent Nuclear Fuel Elements of
U.S.-Origin Generated by Foreign Research Reactor Operators by January 2006

Austria 106 20 3
Bangladesh® 100 49 3
Brazil® 75 14 3
Finland 171 33 6
Germany 358 68 12
Indonesia® 245 47 3
ITtaly 386 72 13
Japan 326 62 11
Korea (South) 336 64 11
Malaysia® 94 47 3
Mexico” 186 35 6
Philippines® 128 79 4
Romania® 1,451 189 48
Slovenia® 393 75 13
Taiwan 144 86 5
Thailand® 136 35 4
Turkey® 79 15 2
United Kingdom 90 17 3
Zaire® 136 26 4

Total 4,940 1,033 162

% Countries other than high-income economies (World Bank, 1994). These are identified as “developing”
couniries.

b To derive uranium mass in pounds, multiply the amount by 2.2.

The information provided in Tables B-1 and B-2, with regards to the number of spent nuclear fuel
elements and the amount of initial mass of uranium, is based on the following assumptions and
considerations as compiled by J. Matos of Argonne National Laboratory (Matos, 1994).

B.1.1.1 Fuel Type

Under the “Offsite Fuels Policy” that was in effect during 1988, DOE accepted aluminum-based and
Training, Research, Isotope, General Atomic (TRIGA) research reactor fuels? for disposition (DOE 1986,
and 1987). The “Offsite Fuels Policy” and the current proposed policy pertain to irradiated fuels from
foreign nuclear research reactors other than those involved in the conduct of research and development
activities leading to demonstration of the practical value of such reactors for industrial or commercial
purposes. Specifically, the “Offsite Fuels Policy” and the proposed policy apply solely to the following
types of reactor fuels:

2 Aluminum-based fuel is aluminum-clad and has an active fuel region that consists of an alloy of uranium and aluminum or
a dispersion of uranium-bearing compound (e.g., UAly, Us0s, UsSiz, UsSi) in aluminum. TRIGA fuel consists of an alloy
of uranivm and zirconium and is clad in either gluminwn, incoloy, or stainless steel.
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1. Aluminum-clad reactor fuels where the uranium-235 (235U) content is equal to or greater

than 20 percent, by weight, of the total uranium content (i.e., HEU fuel). The active fuel
region of these fuels may be configured as uranium-aluminum alloy, uranium-oxide® or
uranium-aleminide. Spent muclear fuels containing significant quantities of uranium-233
(233U) are excluded from receipt.

2. Aluminum-clad reactor fuels where the 2>°U content is less than 20 percent by weight of the
total uranium content (i.e., LEU fuel). The active fuel regions of these fuels may be
configured as uranium-silicide, uranium-aluminide or uranium-oxide. Fuels containing
significant quantities of 233U are excluded from receipt.

3. Aluminum-, incoloy-, or stainless steel-clad, uranium-zirconium hydride (other than 233U)

TRIGA fuel types.

In addition to the aluminum-based and TRIGA fuel types discussed above, U.S.-origin enriched uranium is
also used in the fuel elements of several fast reactors and other special purpose reactors, in the U2 rodded
fuel assemblies of several thermal research reactors, and in thermal homogeneous liquid and solid fueled
reactors. The enrichment of the uranium ranges from 2 percent to 93 percent. These fuels do not qualify
for management under the proposed policy because they were not included in the fuel types that were
eligible for return to the United States under the * Offsite Fuels Policy” that was in effect in 1988,

B.1.1.2 Data Sources and Assumptions

Information on current spent nuclear fuel inventories containing U.S.-origin enriched uranium at foreign
research reactors and temporary storage facilities was obtained from several sources: (1) questionnaires
sent out by DOE and returned by foreign research reactor organizations in 1993 and 1994, (2) data
summarized from irradiated fuel questionnaires sert out by and returned to the International Atomic
Energy Agency in 1993 and 1994, and (3) Reduced Enrichment for Research and Test Reactors (RERTR)
Program information on foreign research reactor fuel inventories, operation, and fuel cycles. Additional
information on reactor fuel characteristics and reactor operation was obtained from directories of nuclear
research reactors published by the International Atomic Energy Agency (IAEA, 1989).

Beginning with irradiated fuel inventory data, several assumptions were made, first to normalize the data
to a common starting date of January 1996, and then to estimate the number of irradiated fuel elements in
reactor cores and the number of spent nuclear fuel elements that could be generated during the 10-year
policy period (1995-2005). These assumptions are:

1. Most foreign research reactors will continue operation during the 10-year policy period. If a
permanent shutdown date has been specified by the research reactor operator, irradiated fuel
was accumulated to that date only.

2. 'The number of irradiated fuel elements in each reactor core was determined from available
reports and publications, or estimated. The estimated number of spent nuclear fuel elements
covered under the proposed policy includes the inventory within the core of each research
reactor at the end of the policy period. This would account for fuel elements in the reactor
core of research reactors that shut down during, or at the end of, the policy period.

3 This uranium-oxide composition refers to aluminum-clad fuel plates or tubes containing dispersions of UaOg in aluminum.
It does not include fuels containing Uth pellets clad in aluminum, zircaloy, siainless steel, or other materials.
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3. Known current and planned shutdowns for prolonged periods of maintenance and
refurbishment have been incorporated into the estimates.

4. Dates for conversion from HEU to LEU fuel have been estimated, and the enrichment
change was incorporated into the inventory data.

5. Estimated irradiated fuel inventories have been included for reactors that are under
construction and plan to begin operation before the Record of Decision date (assumed here
to be December 31, 1995) of the proposed policy using U.S.-origin enriched uranium.

6. Spent nuclear fuel from previously shutdown reactors with fuel in temporary storage has
been included.

B.1.1.3 Foreign Research Reactors Eligible for Inclusion in this EIS

There are 104 research and test reactors located in 41 foreign countries that possess aluminnm-based and
TRIGA fuels containing U.S.-origin enriched uranium. These foreign research reactors are listed in
Tables B-3 through B-5. Table B-3 lists 76 reactors that possess aluminum-based fuel only. These foreign
research reactors are arranged in a number of categories that depend on each reactor’s LEU conversion
status. Table B4 lists 25 foreign research reactors that possess TRIGA fuel only. Table B-5 lists three
foreign research reactors that were converted from HEU aluminum-based fuel to LEU TRIGA fuel and
thus possess both aluminum-based and TRIGA spent nuclear fuels.

B.1.1.4 Developing Countries

For purposes of this EIS, developing countries are defined as countries having other than high-income
economies, on the basis of per capita Gross Domestic Product, by the World Bank (World Bank, 1994).
Two countries, Zaire and Taiwan, were not listed in the World Bank report. Zaire is considered here to
have a low-income economy; and Taiwan, with an estimated per capita Gross Domestic Product of
$10,900 (1994), is considered to have a high-income economy. The countries shown below qualify as
developing countries according to this criterion:

List of Developing Countries
Low Income Economies | Lower Middle Income Economies Upper Middle Income Economies
Bangladesh Chile Romania Argentina Slovenia
Indonesia Colombia Thailand Brazil South Africa
Pakistan Iran Turkey Greece South Korea
Zaire Jamaica Malaysia Uruguay
Peru Mexico Venezuela
Philippines Portugal

B.1.2 General Characteristics of Nuclear Fuels and Spent Nuclear Fuel

Nuclear fuels consist of fissile materials that produce a net increase in neutrons when they absorb
neutrons, and fertile materials that produce fissile material when they absorb neutrons. The principal
fissile materials are 2>°U, Plutonium-239 (3°Pu), and 22U (Plutonium-241 or 2*'Pu is also of some
importance).  The principal fertile materials are uranium-238 (***U) and Thorium-232 (***Th)
(Plutontium-240 or 24%py and uranium-234 or 24U also play roles as fertile materials). The only fissile
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Table B-3 Foreign Research and Test Reactors that Possess Only Aluminum-Based
Fuel Containing HEU and LEU of U.S.-Origin

HEU Reactors Fully- or Partially-Converted to LEU Fuel
1[RA-3 Argentina 3 Plates 90 - - (1)
2|ASTRA Austria 10 Plates 93 45 20
3|IEA-R1 Brazil 2 Plates 93 - 20
4|NRU Canada 125 Pin Cluster 93 - 20
5IDR-3 Denmark 10 Tubes 93 85 20
6| OSIRIS France 70 Plates - - 20
71FRG-1 Germany 5 Plates 93 - 20
8|NRCRR Iran 5 Plates 93 - - (2)
9{JIMTR Japan 50 Plates 93 45 20
10{PARR Pakistan 5 Plates 92 - - (2)
11{R2 Sweden 50 Plates 93 - 20
HEU Reactors that Have Ordered LEU Fuel Elements for Conversion
12|GRR-1 Greece 5 Plates 93 - 20 (3)
13|HOR Netherlands 2 Plates 93 - 20 {3)
14| TR-2 Turkey 5 Plates 93 - 20 3
HEU Reactors that Can Be Converted to LEU Fuel
15|RA-6 Argentina 0.5 |Plates 90 - -
16| HIFAR Australia 10 Tubes 80 60 20 (3)
17{SAR-GRAZ Austria 0.01 |Plates 90 - 20
18| MNR Canada 2 Plates 93 - 20
19| Slowpoke - Alberta Canada 0.02 |Pin Bundle 93 - -
20| Slowpoke - Halifax Canada 0.02 |Pin Bundle 93 - -
21| Slowpoke - Montreal Canada 0.02 {Pin Bundle 93 - -
22| Slowpoke - Saskatchewan {Canada 0.02 |Pin Bundle 93 - -
23| Slowpoke - Toronto Canada 0.02 |Pin Bundle 93 - -
24|LA REINA Chile 5 Plates 80 - -
25{IAN-R1 Colombia 0.03 |Plates 90 - -
26| EOLE France 0.01 |Plates 93 - -
27|MINERVE France 0.003| Plates 93 - -
28| SCARABEE France 20 Plates 93 - -
29| Strasbourg - Cronenbourg |France 0.1 [Plates 90 - -
30| Ulyssee - Saclay France 0.1 [Plates 90 - -
31|BER-IL Germany 10 Plates 93 - 20 (3)
32|FR]-2 Germany 23 Tubes 80 - 20 €]
33(FRM Germany 4 Plates 93 45 -
34|IRR-1 Israel 5 Plates 93 - 20 3)
35[Slowpoke Jamaica 0.02 |Pin Bundle 93 - -
36| JMTRC Japan 0 Plates 93 45 -
37|JRR-4 Japan 3.5 |[Plates 93 - 20 3
38 KUCA Japan 0 Plates 93 45 -
35/KUR Japan 5 Plates 93 - 20 (3)
40 UTR Kinki Japan 0 Plates 90 - -
41 HFR Petten Netherlands 45 Plates 93 - 20 (3
42|LFR Netherlands (.03 |Plates 93 - -
43 [RPI Portugal 1 Plates 93 - 20
441 SAFARI S. Africa 20 Plates 93 - - (4)
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45|R2-0 Sweden 1 Plates 90 - -
46|ZPRI. Taiwan 0.01 |Plates 93 - 20
HEU Operating Reactors that Cannot be Converted with Current Technology
47|BR-2 Belgium 60 Tubes 90-93 - -
48| ORPHEE France 14 Plates 93 - -
49|RHF France 57 Involute Plates 93 - -
HEU Operating Reactors Announced to be Shutdown
50|SILOE France 35 Plates 93 45 20
51(SILOETTE France 0.1 |Plates 93 - -
52|FMRB Germany 1 Plates 93 - -
53|FRG-2 Germany 15 Plates 90-93 - 20
54| JRR-2 Japan 10 Plates 93 45 -
55|UTR 300 U. K. 03 |Plates 90 - -
Shutdown Reactors Possessing HEU Fuel
56 MOATA Augtralia - Plates 90 - -
57|BR-02 Belgium - Tubes 90 - -
38 NRX Canada - Pin Cluster 93 - -
59|PTR Canada - Plates 93 - -
60| Slowpoke - Kanata Canada - Pin Bundie 93 - -
61 | MELUSINE France - Piates 93 - -
62| GALILEO Ttaly - Plates 89 - -
63 |[ISPRA-1 Italy - Plates 90 - -
64| RANA Italy - Plates 90 - 20
65|JEN-1 Spain - |Plates 79 - 20 (5
66| SAPHIR Switzerland - Plates 93 45 20
LEU Operating Reactors Possessing Only LEU Fuel
67 (RA-0 Argentina 0.01 |Plates - - 20
68 | Argonauta Brazil 0.2 |[Plates - - 20
69 |RSG-GAS30 Indonesia 30 Plates - - 20
701 JRR-3M Japan 20 Plates - - 20
71|TIR-1 Japan 0.1 [Plates - - 20
72[RP-10 Peru 10 Plates - - 20
73| KMRR S. Korea 30 Pin Cluster - - 20 (6)
LEU Shutdown Reactors Possessing Only LEU Fuel
74| THAR Taiwan - Plates - - 20
75|RU-1 Urugnay - |Plates - - 20
76|RV-1 Venezuela - Plates - - 20

¢ Initial enrichments, in weight-% 235 U, of the fuels possessed or anticipated to be possessed by each reactor.
Only fuels containing uranium of U.S.-origin are included,

Note:
(1) Converted io LEU fuel of Soviet origin.

(2) Comvertedto LEU fuel of Chinese origin.

(3) Use of fuel containing LEU of U.S.-origin is anticipated to begin before 2001.

{4) Currently uses HEU of South African origin.

{(5) JEN-I fuel is currently being stored in Dounreay, Scotland.

{(6) The KMRR reactor in South Korea began operation using LEU aluminum-based fuel in January 1995
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Table B-4 Foreign Research and Test Reactors that Possess Only TRIGA Fuel
Containing HEU and LEU of U.S.-Origin

Reactors Possessing HEU Fuel
1| Vienna Austria 0.25 Rods 70 - 20
2 | Salazar Mexico 1 Rods 70 - 20
3| SSR Romania 14 ' Rods 93 - 20
4 | ILjubljana Slovenia 0.25 Rods 70 - 20
5 | Seoul #2 S. Korea 2 Rods 70 - 20
Reactors Possessing LEU Fuel
6 | Dhaka Bangladesh 3 Rods - - 20
7 | Belo Horiz. Brazil - Rods - - 20
8 | Helsinki Finland 0.25 Rods - - 20
9 [ Hannover Germany - Rods - - 20
10 | Heidelberp Germany 0.25 Rods - - 20
11 | Mainz Germany 0.1 Rods - - 20
12 | Bandung Indonesia 1 Rods - - 20
13 | Yogyvakarta Indonesia 0.1 Rods - - 20
14 | Pavia Ttaly 0.25 Rods - - 20
15 | Rome Ttaly 1 Rods - - 20
16 | Mushashi Inst Japan 0.1 Rods - - 20
17 | NSRR-Tokai Japan 0.3 Rods - - 20
18 | Rikkyo U, Japan 0.1 Rods - - 20
19 | Kuala Lumpur Malaysia 1 Rods - - 20
20| ACPR Romania 0.5 Rods - - 20
21 | Seoul #1 S. Korea 0.25 Rods - - 20
22 | Istanbul Turkey 0.25 Rods - - 20
23 | Imp Chem Ind. U.K. 0.25 Rods - - 20
24 | TRICOIT Zaire 1 Rods - - 20
Shutdown Reactors
25| TRICO 1 | Zaire | - | Rods | - l - | 20

@ Initial enrichments, in weight-% 235U, of the fuels possessed by each reactor. Only fuels containing

uranium of U.S.-origin are included.

Table B-5 Foreign Research and Test Reactors that Possess Both Aluminum-Based
and TRIGA Fuel Containing HEU and LEU of U.S.-Origin

1|PRR-1 Philippines 3 TRIGA Rods - - 20
- Plates 93 - 20

2|THOR Taiwan 1 TRIGA Rods - - 20
- Plates 93 -

3|TRR-1 Thaitand 2 TRIGA Rods - - 20
- Plates 90 - -

? Initial enrichments, in weight-% Py, of the fuels possessed by each reactor. Only fuels containing
uranium of U.S.-origin are included.
Note:
All three of these reactors have been converied from plate-type, aluminum-based HEU fuel to TRIGA LEU fuel. The
PRR-1 reactor in the Philippines possesses both HEU and LEU cores of plate-type aluminum-based fuel elements.
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material that occurs in nature in a mgmﬁcant quantlty 1s 235y, Natural uranium consists of 0.711 weight
percent (w/o) U 99.283 wio 28 U; and (.0055 who 2*U asa negligible trace constituent. Uranium-235
is the only fissile material used in foreign research reactors.

In a research reactor, the fuel matrix typically consists of enriched uranium metal i 1n an alloy of aluminum
or zirconium hydride. The enriched uranium may contain up to 93 weight percent 5U. The fuel matrix
form is either plates (flat or curved), tubes made of three curved plates, or pellets combined into rods. The
cladding is the encapsulation (typically aluminum or stainless steel) that surrounds the fuel for
confinement and protection. The structural part of a fuel element holds fuel plates or tubes in the proper
configuration and directs coolant flow (light or heavy water) over the fuel. Structural parts are usually
aluminum. The fuel rods do not require additional structural parts. The size of a fuel element ranges from
approximately 1 kg (2.2 Ib) to more than 100 kg (220 Ib), and lengths range from 76 to 300 cm (2.5 to
9 ft).

As the fuel in a reactor is irradiated, it undergoes nuclear transmutations that cause its composition to
change. In the reactor, the fissionable materlals in the fuel undergo a process called “ fISSlOI] reaction.”
Fission reaction occurs when an atom of ~>°U interacts with a free neutron causing the 233U atom to split
into two lighter nuclei which are referred to as “fission products.” The fission reaction also results in the
release of heat and additional free neutrons that are available to sustain the fission reaction or to maintain
criticality. In addition to fission products, heavier elements such as plutonium and other isotopes of
uranium are formed when uranium in the fuel absorbs free neutrons rather than undergoing the fission
process. The changes in composition of the fuel bring about changes in the fission reaction rate of the fuel.
As the reactor operation continues, the fission reaction rate decreases and eventually the reactor will no
longer remain critical unless some spent nuclear fuels are replaced with fresh fuels. The discharged fuel is
called “spent nuclear fuel.” The extent of change in the composition of the fuel is expressed in terms of
“burnup,” in either percent (atom percent) of fissile material consumed, or the number of megawatt days
of heat released per element (or per metric ton of uranium).

When initially discharged from the reactor, spent nuclear fuel is highly radioactive and generates a
significant amount of heat. Therefore, the spent nuclear fuel must be stored in a wet pool that provides
both shielding and cooling environments. The cooling is required in order to prevent the spent nuclear fuel
from being damaged by the heat that fission products generate, and the shielding is needed to protect the
workers who handle the fuel.

The quantity of radioactive material in spent nuclear fuel, and the resulting heat generation, decreases over
time because of decay of fission products in the spent nuclear fuel. Radioactive decay refers to a process
whereby the radioactive elements undergo nuclear transformations that ultimately convert them to stable
(nonradioactive) elements. Many fission products formed during reactor operation have short half-lives
(the time required for a quantity of radioactive material to decrease to one-half of its original amount) and
others remain radioactive for tens to thousands of years. The high initial quantities of fission products in
the spent nuclear fuel put the greatest requirements on providing shielding and cooling during the first few
months after the spent nuclear fuel is discharged from the reactor. The rapid decay of short half-lived
radioactive material leads to reduction of the amount of radioactive material in the spent nuclear fuel over
time. This, in turn, reduces the need for continued storage of the spent nuclear fuel in a wet pool. After
about 1 year, the heat generation rate in a spent nuclear fuel element decreases to about one percent of the
level present at the time of its discharge from the reactor, and this heat generation rate would not damage
the spent nuclear fuel if it is stored in a “dry” cask in preparation for transportation and dry storage.
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B.1.3 Foreign Research Reactor Spent Nuclear Fuel Designs

Foreign research reactors use a number of different fuel designs. These designs can be organized into five
categories: (1) plate-type design, (2) concentric tube-type design, (3) pin-type design, (4) special-type
design, and (5) rod-type design. The first four designs are aluminum-based fuel while the fifth is a TRIGA
type. The first two fuel types (plate-and tube-type fuels) are known as material test reactor (MTR) fuels.
The following summarizes specific characteristics of the different types of fuel named above.

B.1.3.1 Plate-Type Design

This type of fuel design is used in the majority of foreign research reactors. The thermal power of these
reactors ranges from 1 MW to 50 MW. Figures B-1 and B-2 show typical fuel elements usm% this type of
fuel design. The number of fuel plates in an element varies between 6 and 23, and the initial U content
varies between 37 g (1.3 oz) and 420 g (14.8 0z) per element. Smularly, the average burnup of a
- discharged spent nuclear fuel varies between 15 and 76 percent ( SU atom percent). The uranium
enrichment in this type of fuel varies from just below 20 to 93 percent.

The following provides additional information on a typical plate-type spent nuclear fuel element which
was used in a 50 MW foreign research reactor, as shown in Figure B-2.

The fuel element is made of an alloy of 23 percent by weight of 93 percent enriched uranium in aluminum
with a thin (0.38 mm) aluminum cladding. Each fuel element contains 19 fuel plates. The nominal
dimensions and weights of each fuel plate and the fuel element are:

Dimensions (mm).
Length 778 1,200 800
Width 70.8 77.0 77.0
Height 1.27° 770 77.0
Weight (g):
23y 15 285 285
Total 202 -- 5,500
Burnup:
B3y () 3 60 60
8 Thickness

The cut element reflects that portion of the fuel element that contains fuel material. The aluminum nose
cone and the aluminum top section of the fuel element are cut to reduce the size of the spent nuclear fuel
prior to shipment. This action is usually performed at the foreign research reactor site if the site is

equipped to do so. The cutting is necessary to pack more cut elements in a transportation cask, and also
since some casks cannot accommodate the whole element length.

B.1.3.2 Concentric Tube Design

This type of fuel design is used in four foreign rescarch reactors: Australian (HIFAR), Belgian (BR-2),
Japanese (JRR-2) and Danish (DR-3). The Belgian reactor is a 125 MW reactor, and the other three are
each 10 MW. Figure B-3 shows a typical fuel element using concentric tube (tubular) fuel type. The
number of fuel tubes in an element varies between 4 and 6, and the initial U content varies between

B-10



~y by

ARCH REACTOR SPENT NUCLEAR FUEL
STICS AND TRANSPORTATION CASKS

Unit: mm

Core
Plate

0.38

Fuel Plate

Before Cutting

Fuel Plate
(19 Piates)—"

Comb—

1200
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Part No. Name of Part Material Number T
1 Bottom Adapfer | Aluminum Alloy | 1 \ /
2 Top Adapter Aluminum Alloy 1 ,
R Skde Plate Aluninum Alloy 1
3L Slde Plate Alumninum Alloy 1
4 Quter Fuel Bement U-Al Alloy 2.
5 Inner Fuel Element U-Al Alloy 16
6 Comb Alumninum Allcy 1 @
7 Comb Pin Aluminum Alloy 1 /
Unlt = mm U //
@
Cutting L~
— M Il
v v
oo s o 75 e e [N ~
Cuting
Sectlon YY
@ 297
76.2 /@

762

Figure B-2 Typical (Boxed-Type/Curved Plate) Aluminum-Based Fuel Element
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Name of Part

Materal

137.2

Part No. .

1 Bottom Adapter | Aluminum Alloy
2 Top Adapter Aluminum Alloy
3 Quter Cylinder | Aluminum Alloy
4 Plate Aluminum Alloy
5 Fuel Plote
6 nner Layer Plate | Aluminum Alloy
7 Top Copsule Gulde | Aluminum Alloy
8 Cormnb Platfe Aluminum Alloy
9 Capsule Guide | Aluminum Alloy

10 Comb Aluminum Alloy

Unlt = mm

/

t

Loaded jength

625

K

6564 950

Figure B-3 Typical (Tube-Type) Aluminum-Based Fuel Element Schematic
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150 g (5.3 oz) and 400 g (14.6 oz) per element. The average burnup of discharged spent nuclear fuels
from these reactors ranges between 47 and 55 percent (235 U atom percent). The uranium enrichment used
in this fuel varies from just below 20 to 93 percent.

The following provides additional information on a typical tubular type spent nuclear fuel element (shown
in Figure B-3) that was used in a 10 MW reactor.

This fuel element initially contains 220 g (7.7 0z) 233 U, and consists of 5 concentric fuel tubes, Each tube

is made of three curved fuel plates. The fuel is an alloy of uranium in aluminum with a thin (0.38 mm)
aluminum cladding. Five different curved fuel plate width sizes with 1.27 mm (0.05 in) thickness and
625 mm (24.6 in) helght are used. The overall outside diameter of the outermost tube is 103 mm (4 in).
The plate width and the 233U content for each plate size are:

Width (mm) 579 66.9 75.8 8438 937

B35 () 10.70 12.70 14.60 16.60 18.60

The overall dimensions of a cut clement, leaving the fuel portion intact, are 103 mm (4 in) outside
diameter and 664 mm (25.4 in) in length, with an overall weight of approximately 6,000 g (13.2 1bs).

B.1.3.3 Pin-Type Design

Three types of foreign research reactors use pin-type design fuel. They are: the Canadian Safe LOW
POwer critical [K] Experiment (SLOWPOKE) (20 kW power); the Canadian NRU (125 MW power) and
South Korean KMRR (30 MW) reactors; and the Romanian TRIGA (14 MW) reactors. Among these
reactors, the SLOWPOKE fuel pins are the smallest in size and uranium content. The NRU and KMRR
reactor fuels are considered special type fuel, and the Romanian reactor fuels are TRIGA or rod-type fuel.
Special-type and rod-type materials are discussed below.

The SLOWPOKE reactor fuel pins have an outside diameter of 4.73 mm (0.2 in), a length of 220 mm
(8.7 in), and contain 93 percent enriched uranium fuels. The 25U content of each pinis 2.8 g (0.1 oz).
The maximum fuel burnup of discharged spent nuclear fuels is about 2 percent (235U atom percent) in 10
to 20 years of reactor operation.

The SLOWPOKE spent nuclear fuel pins are usually bundled together in 10 to 15 pins per bundle. In the
past, this fuel was shipped to Savannah River Site in 50.8-mm (2-in) outside diameter, 2.9-m- (9.6-ft-)
long canisters containing between 150 to 160 pins per canister.

B.1.3.4 Special-Type Design

Special-type design fuels are used in the French RHF (57 MW power), Canadian NRU (125 MW power)
and NRX (24 MW power), and the South Korean KMRR (30 MW) reactors. The fuel type in the
Canadian research reactors consists of clusters of about 3-m- (9.84-ft-) long uranium aluminum alloy fuel
pins clad in aluminum. The initial 2>°U content of each fuel cluster varies between 491 g (17.3 oz) and
545 g (19.2 oz). The current operating reactor (NRU) uses a fuel element that consists of a cluster of
12 long pins containing 491 g (17.3 0z) of 2°U per cluster. Each fuel pin has an overall length of 296 cm
(116.5 in), and the fuel portion is 274.3 ¢m (107.9 in) long. The fuel cluster including the flow tube is cut
to a length of 292.6 cm (115.2 in) before s fment The average burnup of discharged spent nuclear fuels
from an NRU reactor is about 76 percent ( U atom percent). Figure B-4 shows a 12-pin cluster NRU
fuel element. The fuel in the South Korean research reactor consists of two types of fuel clusters; one is
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Figure B-4 Typical NRU Type {Aluminum-Based) Fuel Element Schematic
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18 pins ;Jer cluster with an initial >>>U content of 248 g (8.7 oz). The second is 36 pins per cluster with an
initial 2*>U content of 435 g (1 Ib). The expected burnup of a discharged spent nuclear fuel from this
reactor is approximately 65 percent (235U atom percent).

The fuel used in the RHF research reactor is an annular-type fuel element. The RHF research reactor uses
only one fuel element at a time. The RHF fuel element contains 9.2 kg (20.3 1bs) of uranium, enriched to
93 percent, in 235U in 280 involute fuel plates made of uranium aluminum alloy (UAl3-Al) clad in
aluminum. The weight of a cut element is about 100 kg (220 lbs). The fuel is in the annulus of two
aluminum tubes: the inner tube has an outside diameter of 274 mm (10.8 in), and the outer tube has an
outside diameter of 414 mm (16.3 in). The expected average burnup of a discharged spent nuclear fuel is
36 percent (235U atom percent). Figure B-5 shows a schematic drawing of a configuration of annular fuel
element similar to that of RHF fuels.

B.1.3.5 Rod-Type Design

This fuel type design is used in TRIGA research reactors. These research reactors have power ranging
from 100 kW to 14 MW. The TRIGA fuel is mainly made up of three basic types of fuel elements:
aluminum-clad elements, stainless steel-clad elements, and incoloy-clad elements. All aluminum-clad
elements and stainless steel-clad elements are 38.1-mm (1.5-in) diameter by 762-mm- (30-in-) long rods
including end fittings (see Figure B-6). The incoloy-clad elements are of the same length, but with a
smaller diameter, ranging from 13.7 mm (0.54 in) to 30.7 mm (1.2 in). The 13.7-mm (0.54-in) fuel is
currently being used in the Romanian TRIGA research reactor. The fuel is a solid, homogeneous mixture
of uranium zirconium hydride alloy. A 6.35-mm (0.25-in) hole is drilled through the center of the active
fuel section to facilitate hydriding; a zirconium rod is inserted in this hole after hydriding is complete.

The aluminum-clad elements are the original TRIGA fuel rods that are still in use at some foreign research
reactors. The active part of the aluminum-clad fuel element contains about 8 percent by weight of uranium
enriched to just below 20 percent 233U. The hydrogen-to-zirconium atom ratio is approximately 1.0. The
initial loading of 23°U is about 38 g (1.3 oz). The average burnup of this type of fuel is about 8 percent.
Each rod weighs 3.2 kg (7.04 1bs) on the average.

The current standard TRIGA fuel rods are the stainless steel-clad elements. The fuel content of the
stainless steel element can vary according to the type used. The fuel content of a standard rod consists of
8 to 9 percent by weight of 19.95 percent enriched uranium [about 39 g (1.4 0z) of 23507 in zirconium
hydride, with a hydrogen-to-zirconium atom ratio of 1.7. Another tzr%c, known as FLIP, contains
8.5 percent by weight of 70 percent enriched uranium [137 g (4.8 oz) of “"“U]. The annular core pulsed
reactor fuel t¥pe contains 12 percent by weight of just below 20 percent enriched uranium [about 54 g
(1.9 oz) of 23 U] in zirconium hydride with a hydrogen-to-zirconium ratio of 1.7, The expected average
burnup of the discharged spent nuclear fuel is approximately 15 percent. Each rod weighs 3.6 kg (7.9 1bs)
on the average.

The incoloy-clad element has a longer active fuel length [558.8 mm (22 in) compared to 381 mm (15 in)
for standard stainless steel-clad]. The fuel section consists of four pellets, each 139.7-mm (5.5-in) long,
and contains approximately 45 percent by weight of uranium enriched to 20 percent [approximately 54 g
(1.9 oz) of 23 U} in zirconium hydride. There are no graphite reflectors within this element. Instead, a
76.2-mm (3-in) spring is inserted at the top and bottom of the element, and stainless steel end fixtures are
attached to both ends of the can. The expected average burnup of this fuel in the Romanian TRIGA
reactor is about 52 percent.
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B.1.4 Description of the Bounding Radionuclide Inventory

The spent nuclear fuel radionuclide concentration (or inventory) is directly related to the initial mass of
fuel (fissile and fertile), the level of burnup, and the cooling period (or decay period) following fuel
discharge from the reactor. The fuel burnup is a function of the fuel position inside the reactor core
. resulting in some fuels burning more than others. A well-designed fuel management program, however,
reduces burnup variations among fuel elements. The radionuclide generation in an irradiated fuel is a
function of reactor power level and the duration of irradiation process. Research reactors have irregular
irradiation profiles, and are typically operated at various power levels. For the calculation of the
radionuclide inventory, each fuel element was assumed to have been burnt uniformly and continuously at
full reactor power before its discharge. These assumptions maximize the radionuclide inventories of the
spent nuclear fuel. As stated earlier, the cooling or decay time after fuel discharge from the reactor
determines the amount of radionuclides that remains in the spent nuclear fuel.

Based on the discussion in Section B.1.3, the foreign research reactor spent nuclear fuels were grouped
into three classes and four fuel categories for the determination of bounding radionuclide inventories. This
subdivision was created in order to provide a better representation of potential radionuclide inventories
associated with each type of fuel. This subdivision also provides a means for identifying the type of
transportation casks needed, and estimating the number of spent nuclear fuel shipments. The radionuclide
inventories per shipment are needed as input to marine and ground transportation and cask handling
impact analyses.

The selected fuel types for the determination of bounding radionuclide inventories are:

1. Special. These are aluminum-based fuels that are neither TRIGA nor MTR. Special fuels
are also different in size and geometry.

la. Single Element Reactors. Spent nuclear fuel from research reactors that operate with
one element (e.g., RHF of France). These spent nuclear fuels contain several kg of
25y and require special shipping baskets, casks, and transportation analyses.

1b.NRU Type Spent Nuclear Fuel Spent muclear fuel from Canadian Research
Laboratories’ research reactors (e.g., NRU, and NRX) that require special
transportation analysis. These spent nuclear fuels are geometrically different from an
MTR-type and TRIGA spent nuclear fuel both in cross section and length, and require
special shipping arrangements in addition to being transported overland by truck or
rail.

2. MTR Spent Nuclear Fuel. This category covers all MTR-type spent nuclear fucls. These
spent nuclear fuels have similar geometrical characteristics and use common type
transportation casks.

3. TRIGA Spent Nuclear Fuel. Spent nuclear fuel from TRIGA reactors. These spent nuclear
fuels also have almost similar geometrical characteristics and use common types of
transportation casks.

In the case of special-type fuel, the bounding spent nuclear fuels are the RHF of France and the NRU of
Canada. For the identification of a bounding spent nuclear fuel within the MTR and TRIGA fuel types, a
series of ORIGEN?2 (Croff, 1980) computer runs was made using different spent nuclear fuels within each
fuel type. ORIGENZ2 generates the radionuclide inventory in a spent nuclear fuel based on the fuel burnup,
initial fissile and fertile inventory, and decay time. The radionuclide inventories of selected bounding
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spent nuclear fuel within each fuel type were determined assuming that the spent nuclear fuel has been
cooled for a specified period after its discharge from the reactor. In order to maximize the radionuclide
inventory per transportation cask, a review of the potential casks was performed. It was determined that
the use of IU-04 (Pegase) transportation casks, maximizes the radioactive inventory and requires the
shortest cooling period (maximum of 1 year) (see Section B.1.6). Based on this review, the cooling period
for each bounding spent nuclear fuel was determined. The bounding spent nuclear fuels for MTR and
TRIGA type fuel are found to be BR-2 tglpe spent nuclear fuel, and a spent nuclear fuel from a 3-MW
TRIGA reactor burning 31g (1.1 oz) of Uin3 years, respectively. The bounding TRIGA spent nuclear
fuel identified here is a theoretical bounding fuel for this category.

Table B-6 provides a list of the radioactive isotopes and their inventories for selected bounding spent
nuclear fuel types. The list of isotopes is generated from ORIGEN? output based on the following criteria:

1. All isotopes (from a list of 270 elements) that could have a potential to contribute 1 mrem
from inhalation and ingestion are considered. The estimates of dose associated with each
isotope intake were based on the effective committed dose equivalent factors provided in
DOE/EH-0071 (DCE, 1988).

2. Once all isotopes were selected, those that contribute to 99.9 percent of total health hazard
were chosen.

3. Isotopes such as 35Kr, 235U, and 2%U were added to the list as historically significant
isotopes, although they do not meet the above criteria.

It is important to note that the radionuclide inventories identified here are for calculational purposes only.
The majority of the spent nuclear fuels would have lower radionuclide inventories than what is identified
here, and the likelihood of a full cask containing maximum inventory during the acceptance policy period
would be low. By the time the policy would become effective in late 1995, there could be about
10,000 spent nuclear fuel elements, of which 80 percent would have had more than 2 years of cooldown
(decay). The number of spent nuclear fuels that receive maximum burnup used in the estimation of the
radionuclide inventory is very small when compared to the total number of the spent nuclear fuel elements
estimated in each fuel category.

B.1.5 Characteristics and Radionuclide Inventories of Target Materials

Under Implementation Alternative 1 to Management Alternative 1 of the proposed action, DOE would
plan to manage target material. The total amount of target material is estimated to be about 0.56 MTHM
having a volume of 6.5 m’ (230 ft3). Target materials are residual materials from target fuels that have
been irradiated in a research reactor to produce 99Mo, which decays to 99Tc:, a medical isotope. Four
countries (Canada, Belgium, Argentina, and Indonesia) use target fuel containing U.S.-origin enriched
uranium for the production of medical isotopes. Canada, Argentina, and Belgium cumently use
aluminum-based targets containing HEU, and Indonesia currently uses a target that consists of a layer of
HEU oxide (UO2) material plated on the interior surface of a stainless steel tube. The distribution of target
materials from these countries includes: 0.525 MTHM from Canada; 0.029 MTHM from Belgium;
0.0014 MTHM from Indonesia; and 0.0011 MTHM from Argentina. A target fuel is irradiated to a burnup
level of about 3 percent (235U atoms percent) before being discharged from the reactor. Once the target
fuel is removed from the reactor, within a short period the fuel is dissolved and Mo is separated from the
solution. The residual material is then decayed. Prior to shipment, the residual materials are transformed
to an acceptable form.
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Table B-6 Bounding Radionuclide Inventories per Element for Selected Fuel

Categories (Curies)
Tritium 2.40 37 3.95 0.328
Krypton 85 68.7 1,070 113 9.10
Strontium 89 1,133 17,600 405 68.8
Strontium 90 578 8,930 967 79
Yitrinm 90 578 8,930 967 79
Yitrium 91 2030 31,400 842 115
Zirconium 95 2,972 46,300 1410 163
Niobium 95 6,111 94,900 3,060 320
Ruthenium 103 247 3,770 60.0 21.1
Rhediom 103m 247 3,770 60.0 21.1
Ruthenimn 106 597 9,160 767 63.5
Rhodium 106m 597 9,160 767 63.5
Tin 123 11.9 184 10.0 0.978
Antimony 125 24.7 381" 38.0 2.98
Tellurium 125m 5.89 90.6 9.21 0.718
Tellurium 127m 24.6 382 184 1.40
Tellurium 129m 5.25 79.8 (0.958 0.578
Cesinm 134 456 4,000 1,480 29.0
Cesium-137 572 8,870 958 79.8
Cerium 141 159 2440 277 175
Cerium 144 8,667 135,000 10,600 633
Praseodymium 144 8,667 135,000 10,600 633
Promethinm 147 1,342 24,600 1,240 175
Promethium 148m 210 29.2 0.0583 1.17
Europinm 154 17.2 163 56.3 1.05
Europium 155 3.61 45.6 10.2 0.565
Uranium 234 0.0000254 0.000374 0.0000634 0.00000453
Uranium 235 0.000383 0.0109 0.000253 0.000199
Uranium 238 ‘ 0.00000947 0.000206 0.00000111 0.000163
Plutonium 238 1.78 10.3 11.3 0.0760
Plutonium 239 0.0511 0.0889 0.0138 0.0138
Plutonium 240 0.0333 0421 0.0101 0.0523
Plutonium 241 7.89 67.7 295 533
Americium 241 0.0110 0.0967 0.00517 0.0102
Americium 242m 0.0000292 0.000155 0.0000250 0.000225
Americium 243 0.000120 0.00376 0.000146 0.0000110
Curium 242 0.0486 0.127 0.0429 0.131
Curium 244 0.0369 0.00926 0.0113 0.000178
Total (Curies) 35,129 546,000 34,700 2,740
Thermal (Waltts) 147 2,250 150 104

There are currently two methods for preparing the residual materials containing aluminum for transport.
The first method is calcining and canning the material with the existing aluminum, and the second is a
method that first removes aluminum from the residual materials and then oxidizes the remains. The final
products are then canned. A process similar to the latter is used for the Indonesian target materials, Since
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the Indonesian target materials do not contain aluminum, no aluminum separation is nceded. In this case,
a precipitation process is used to separate the target materials from the solution. The precipitated materials
are then dried and canned in preparation for transport.

The canned material from the first process contains 40 grams (1.4 oz) of By per can. The second process
allows a higher amount of 235U, 200 g (7 oz), to be packed in a similar can, Can material could be
aluminum or stainless steel. In the past, the target material was shipped to the Savannah River Site in
aluminum cans 64 mm (2.5 in) in diameter and 280 mm (11 in) long. The use of the first process would
result in a total 140 shipments of this material to the United States, and the second process would result in
a total of 57 shipments. These number of shipments were estimated based on an assumption that the target
material cans would be in transportation casks that would not contain other types of spent nuclear fuel,
However, in all likelihood, with small amounts of target materials (such as Indonesia and Argentina),
would not ship a partially filled transportation cask when other spent nuclear fuel could be added to fill the
cask. Therefore, these estimates represent an upper bound on the total number of the target material
shispments. The radionuclide inventory of a target material can containing from 40 to 200 g (1.4 to 7 oz) of
2z U, and that of a transportation cask containing this material, is given in Table B-7. This inventory is
estimated based on 1 year decay time of the target material solution before the canning process.

B.1.6 Foreign Research Reactor Spent Nuclear Fuel Shipment Estimates

Tables B-1 and B-2 provide the estimated number of foreign research reactor spent nuclear fuel shipments
from each country. These estimates were based on a set of assumptions that maximize the potential
impacts from transportation. Review of the potential transportation casks identified eight casks with
various capabilities (see Section B.2.2). These casks are certified to accommodate between 1 and 126
spent nuclear fuel elements per cask based on a variety of cask cavity configurations. Each transportation
cask can be certified to ship different fuel types by using various baskets in the cask cavity. For example,
a transportation cask like IU-04 has been certified to accommodate several different fuel types by using
various baskets in the cask cavity. On the other hand, a cask like LHRL-120 is currently certified to
accommodate only one specific fuel type (Australian HIFAR fuel). Based on this review, IU-04 was
identified as the bounding cask (highest curies content for the number of elements shipped per cask) for
the transportation accident analyses.

In an attempt to capture various types of spent nuclear fuel, maximize the amount of radionuclides per
cask, and allow for potential partial cask shipments, for the purposes of the analyses in this EIS, the
following assumptions were made to estimate the number of shipments for each type of fuel:

1. The number of shipments for MTR-type spent nuclear fuel elements was estimated based on
30 elements per cask. The radionuclide inventory per cask was estimated based on a full
cask, that is, 36 spent nuclear fuel elements of the bounding MTR-type (BR-2 fuel) per cask.
One exception: for the Australian spent nuclear fuel, cask LHRL-120 which was built
specifically for this fuel was used for estimating the number of shipments. The allowed
radionuclide inventory in this cask is the smallest of all casks identified. Nonetheless, each
of the LHRL-120 casks was assumed to contain the same quantity of radionuclide
inventories as that of a cask containing 36 elements of the bounding MTR-type spent nuclear
fuel. :

2. The number of shipments for NRU-type spent nuclear fuel was estimated based on 24 NRU
elements per cask. The radionuclide inventories per cask were also based on 24 NRU
elements per cask.
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Table B-7 Radionuclide Inventories of Target Material per Can and per
Transportation Cask (Curies)

235
Strontinm 89 4.06E+00 2.03E+01 1.95B+02 4.87E+02
Strontinm 90 3.28E+00 1.64E+01 1.58E+02 3.94E+02
Yitrium 90 3.28E+00 1.64E+01 1.58E+02 3.94E+02
Yitrinm 9.18E+02 3.84E+01 3.69E+02 9.22E+02
Zirconium 95 1.18E+01 3.90E+01 5.67E+02 1.42E+03
Niobinm 95 2.353E+01 1.27E+02 1.21E+03 3.04E+03
Rutheniom 103 74E-01 3.72E+00 3.57E+01 8.93E+01
Rhodium 103m 7.5E-01 3.73E+00 3.58E+01 8.95E+01
Ruthenium 106 3.11E+00 1.55E+01 1.49E+02 3.73E+02
Rhodium 106m 3.11E+00 1.55E+01 1.49E+02 3.73E+02
Tin 123 6.0E-02 2.8E-01 2.70E+00 6.74E+00
Antimony 125 1.4E-01 6.8E-01 6.51E+00 1.63E+01
Tellurium 125m 3.0E-02 1.6E-01 1.56E+00 3 91E+0¢
Tellurium 127m 1.1E-01 5.6E-01 5.39E+00 1.35E+01
Tellurivm 12%9m 1.0E-02 7.0E-02 6.7E-01 1.68E+00
Cesium 134 1.0E-02 6.0E-02 6.1E-01 1.53E+00
Cesium-137 3.26E+00 1.628E+01 1.56E+02 391E+02
Cerium 141 4.2E-01 2.11E+00 2.03E+01 5.07E+01
Cerinm 144 4.53E+01 2.27E+02 2.18E+03 5.44E+03
Praseodymium 144 4.57E+01 2.29E+02 2.20E+03 549E+03
Promethium 147 1.07E+01 5.36E+01 5.14E+02 1.29E+03
Promethiom 148m 5.06E-04 2.53E-03 2.43E-02 6.07E-02
Europium 154 1.65E-03 8.23E-03 7.90E-02 1.97E-01
Europium 155 6.97E-02 3.49E-01 3.35E+00 8.37E+00
Uranium 234 1.42E-07 7.09E-07 6.81E-06 1.70E-05
Uranium 235 8.29E-05 4.15E-04 3.98E-03 9.95E-03
Uranium 238 1.50E-06 7.52E-06 7.22E-05 1.80E-04
Plutonium 238 3.33E-06 1.67E-05 1.60E-04 4.00E-04
Plutonium 239 6.15E-04 3.08E-03 2.95E-02 7.38E-02
Plutonium 240 1.43E-05 7.13E-05 6.85E-04 1.71E-03
Plutonivem 241 1.48E-04 7.38E-04 7.09E-03 1.77E-02
Americium 241 242E-07 1.21E-06 1.16E-05 2.91E-05
Americium 242m 443E-12 2.22E-11 2.13E-10 5.32E-10
Americium 243 3.07E-12 1.54E-11 1.47E-10 3.69E-10
Curinm 242 1.43E-09 7.15E-09 6.86E-08 1.72E-07
Curium 244 340E-12 1.70E-11 1.63E-10 4.08E-10
Total (Curies) 1.69E+02 8.30E+02 T.97E+03 1.99E+04
Thermal (Watts) 6.8E-01 3 40E+00 3.26E+01 8.160E+01

3. The number of shipments for RHF type spent nuclear fuel was estimated based on one
element per cask. The bounding cask can only accommodate one bounding spent nuclear
fuel element per cask.

4. 'The number of shipments for TRIGA spent nuclear fuel was estimated based on 30 elements
per cask. The radionuclide inventories per cask were based on 40 elements of bounding
TRIGA spent nuclear fuel element per cask.
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Table B-8 provides a list of radionuclide inventories per transportation cask for selected fuel categories.

Table B-8 Bounding Radionuclide Inventories per Transportation Cask for Selected

Fuel Categories (Curies)

Tritinm

37.0

13.1

048

86.4
Krypton 85 2,470 1,070 364 2,710
Strontinm 89 40,800 17,600 2,750 9,720
Strontium 90 20,800 8,930 3,160 23,200
Yitrium 90 20,800 8,930 3,160 23,200
Yitrium 91 73,000 31,400 4,580 20,200
Zirconium 95 107,000 46,300 6,500 33,800
Niobium 95 220,000 94,900 12,800 73,400
Ruthenium 103 8,900 3,770 844 1,440
Rhodium 103m 8,900 3,770 844 1,440
Ruthenium 106 21,500 9,160 2,540 18,400
Rhodium 106m 21,500 9,160 2,540 18,400
Tin 123 427 184 39.1 240
Antimony 125 890 381 119 912
Tellurium 125m 212 90.6 28.7 221
Telurinm 127m 887 382 55.8 442
Telurium 129m 189 79.8 231 230
Cesium 134 16,400 4,000 1,160 35,400
Cesium 137 20,600 8,870 3,190 23.000
Cerium 141 5,740 2,440 7,000 6,650
Cerium 144 312,000 135,000 25,300 254,000
Praseodymiom 144 312,000 135,000 25,300 254,000
Promethium 147 48,300 24,600 7,000 29,800
Promethium 148m 75.6 29.2 46.8 1.40
Buropium 154 620 163 41.8 1,350
Europium 155 130 45.6 22.6 245
Uranium 234 0.000914 0.000374 0.000181 0.00157
Uranium 235 0.0138 0.0109 0.00794 0.00606
Uranium 238 0.000341 0.000206 0.00650 0.0000267
Plotonium 238 64.2 10.3 3.4 270
Platoninm 239 1.84 0.0889 0.551 0.332
Plutonium 240 1.20 0.421 2.09 0.242
Plutonium 241 284 67.7 213 70.9
Americium 241 0.396 0.0967 0.407 0.124
Americium 242m 0.00105 0.000155 0.00900 0.000600
Americium 243 (.00433 0.00376 0.000438 0.00351
Curium 242 1.75 0.127 5.25 1.03
Curinm 244 1.33 0.00926 0.00713 0.270
Total (Curies) 1,260,000 546,000 110,000 833,000
Thermal (Watts) 5,290 2,250 416 3.600
Number of casks by January 2006 473 86 162 116
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B.1.7 Amount of Foreign Research Reactor Spent Nuclear Fuel In Implementation Alternative 2a
of Management Alternative 1

Under this implementation alternative (see Section 2.2.2.2), DOE would adopt an alternative policy
duration of 5 years (1995-2000). The amount of spent nuclear fuel expected under this alternative is
approximately 18,800 elements, containing approximately 13 MTHM, and having a volume of 87 m>
(3,300 ft3). Tables B-9 and B-10 provide an estimate of the total amount of spent nuclear fuel that would
be available (i.e., currently stored or to be generated) in each country by January 2001 (Matos, 1994). |
These tables also provide the estimated number of shipments expected from each country. The breakdown
of the number of shipments in terms of the four bounding fuel categories (as defined in Section B.1.4) are:
377 of BR-2, 56 of RHF, 154 TRIGA, and 91 of NRU type fuel shipments.

B.1.8 Distribution of Foreign Research Reactor Spent Nuclear Fuel by Fuel Type and Geography

This section summarizes the estimated amount of foreign research reactor spent nuclear fuel, in terms of
fuel type and geog,ralznhy,‘dr that could be received under different implementation alternatives of
Management Alternative 1 to the proposed action. The estimated amount of spent nuclear fuel for the two
policy durations (i.e., a 10-year and a 5-year spent nuclear fuel generation period) are provided in Tables
B-1 and B-9, for aluminum-based fuels, and in Tables B-2 and B-10 for TRIGA fuels. These tables
provide a breakdown of the estimated amount of spent nuclear fuel to be accepted from each country.
Table B-11 summarizes the same information given in the above tables by fuel type and geography. The
information provided in this table is the basis for the calculations of transportation (ground and marine)
impacts under the basic implementation of Management Alternative 1, the proposed action to manage
foreign research reactor spent nuclear fuel in the United States.

DOE is also considering a Management Alternative 3, which is a hybrid of Management Alternatives
1 and 2. Under this Management Alternative as described in Section 2.4, some of the foreign research
reactor spent nuclear fuels would be reprocessed overseas, and the remaining spent nuclear fuels would be
brought back to be managed in the United States. Overseas reprocessing is considered only for countries
that currently have the technology and capability to store research reactor fission product high- or
intermediate-level wastes. The countries that can accept research reactor fission product wastes, based on
the historical evidence, are: Belgium, France, Germany, Italy, Spain, Switzerland, and the United
Kingdom.  Under this Management Alternative, DOE would encourage the reprocessing of
aluminum-based spent nuclear fuels from the research reactors in the above countries at western Eurgpean
reprocessing facilities (i.e., at Dounreay Scotland, and/or other locations) and that the recovered 235U be
blended down and used as LEU fuel. Reprocessing spent nuclear fuels from the above countries overseas
would reduce the amount of foreign research reactor spent nuclear fuels that would be managed in the
United States. Table B-12 provides a distribution of the remaining foreign research reactor spent nuclear
fuels by fuel type and geography that would be brought to the United States under this Hybrid Alternative.
As indicated in this table, the reduction only affects spent nuclear fuels entering through the East Coast of
the United States (compare Tables B-11 and B-12). It is important to note that the existing overseas
reprocessing facilities have not separated B3y from TRIGA fuels. This does not mean that these facilities
will not be able to process TRIGA fuels in the near future. At least one facility has stated that it has a
specialty plant that can reprocess small guantities of TRIGA spent nuclear fuels (UKAEA, 1994). If this

4 Geography refers to that amount of spent nuclear fuel that is expected 1o arrive at an East Coast or a West Coast port of
entry to the United States. Spent nuclear fuel shipments from foreign research reactors located in Europe, Africa, Middle
East, and Eastern part of Central and South America are designated as East Coast shipments. All others are designated as
West Coast shipments.
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Table B-9 Estimated Number of Aluminum-Based Spent Nuclear Fuel Elements of
U.S.-Origin Generated by Foreign Research Reactor Operators by January 2001

Ounf) 4

Argentina® 283 71 9
Australia 795 247 7
Aunstria 130 147 4
Belgium 1,391 569 46
Brazil" 155 99 5
Canada 2,243 3,058 92
Chile® 58 12 2
Colombia® 16 2 1
Denmark 485 372 16
France 1,432 2,110 102
Germany 1,111 471 37
Greece® 199 73 6
Indonesia” 138 164 4
Iran® 29 6 1
Israel 153 34 5
Ttaly 150 43 5
Jamaica® 2 1 1
Japan 2,401 2,219 30
Korea (South)* 98 187 4
Netherlands 1,141 678 38
Pakistan® 82 16 3
Peru® 29 39 1
Philippines® 50 24 2
Portugal® 79 51 3
South Africa 50 10 2
Spain © (from Scotland) 40 16 1
Sweden 864 915 29
Switzerland 159 128 5
Taiwan 127 66 4
Thailand® 31 5 1
Turkey® 50 51 P
United Kingdom 12 4 1
Uruguay® 19 18 1
Venezuela® 120 82 4

Total 14,122 11,988 524

* Countries other than high-income economies (World Bank, 1994). These are considered to be
“developing” countries.

® To derive uranium mass in pounds, multiply the amount by 2.2

€ 40 spent nuclear fuel elements of Spain’s JEN-I reactor core are stored in Dounreay, Scotland.

capability is acquired, then the amount of spent nuclear fuel to be managed in the United States would be
lower than that indicated in Table B-12 by 834 TRIGA spent nuclear fuel elements containing 157 kg of
LEU heavy metal resulting in 28 less shipments to the eastern coast of the United States by January 2005.
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Table B-10 Estimated Number of TRIGA Reactor Spent Nuclear Fuel Elements of
U.S.-Origin Generated by Foreign Research Reactor Operators by January 2001

E ........................................
Austria 102 19 3
Bangladesh® 100 49 3
Brazil® 75 ) 14 3
Finland 171 33 6
Germany 338 64 11
Indonesia® 233 44 7
Ttaly 343 64 11
Japan 321 61 11
Korea {(South)* 320 61 11
Malaysia® 89 44 3
Mexico® 175 33 6
Philippines® 120 74 4
Romania ? 1,451 189 48
Slovenia® 318 60 10
Taiwan 134 80 4
Thailand® 136 35 4
Turkey" 69 13 2
United Kingdom 80 17 3
Zaire 132 25 4

Total 4,716 979 154

® Countries other than high-income economies (World Bank, 1994). These are identified as “developing”
countries.

Y To derive uranium mass in pounds, multiply the amount by 2.2.

If additional countries were to be able to accept research reactor fission product waste, additional spent
nuclear fuels could be reprocessed overseas. This would reduce the amount of spent nuclear fuel to be
managed in United States even further.

B.2 Transportation Casks

Spent nuclear fuel elements are transported in stainless steel packages called transportation casks, or just
casks.

B.2.1 Transportation Cask Regulations

This section discusses the international and domestic regulations on transportation cask design,
performance, certification, use, and transport.

B.2.1.1 International Regulations

To ensure public safety worldwide, the international community has adopted regulations for the transport
of radioactive materials. The international authority for these regulations is the International Atomic
Energy Agency. The emphasis of the International Atomic Energy Agency regulations for radioactive
materials transport is package integrity. As promulgated in International Atomic Energy Agency Safety
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Table B-11 Summary of the Distribution of Foreign Research Reactor Spent
Nuclear Fuel by Fuel Type and Geography

All Countries:
1. Aluminum-Based 14,122 524 11,988| 3,992 7,995 17,803 675 18,184 4,531113,650
East* 10,395 419 9,024 13,186 544 | 13,919
West® 3,927 105 2,963 4,617 131 4,263
2. TRIGA 4,716 154 980 19 901 4,940 162 1,033 83| 950
East 3,088 101 49% 3,245 107 528
West 1,628 53 481 1,695 55 505
Developing Countries:
1. Aluminum-Based 1,488 52 o11 155 756 1,686 59 1,195 157} 1,038
East 1,084 38 480 1,152 40 561
West 404 14 431 534 19 634
2. TRIGA. 3,218 105 642 77 565 3,359 109 674 81 593
East 2,045 67 302 2,134 70 319
West 1,173 38 340 1,225 39 335

? East refers to the eastern United States ports of entry. Spent nuclear fuel shipments from foreign research
reactors located in Europe, Africa, Middle East, and eastern part of Central and South America are
designated as Fast Coast shipments. All others are designated as West Coast shipments.

Table B-12 Distribution of Foreign Research Reactor Spent Nuclear Fuel by Fuel

Type and Geography for the Hybrid Alternative

All Countries:
1. Aluminum-Based 9,839 328 8,650 2,259 6,391 12,210 406  112912| 2.263| 10,646
East® 6,112 223 5,687 7,593 275 8,045
West” 3,727 105 2,963 4,617 131 4,263
2. TRIGA 4,716 154 980 79 901 4.540 162 1,033 83 950
East 3,088 101 499 3,245 107 528
West 1,628 53 481 1,695 55 505
Developing Countries:
1. Aluminum-Based 1,488 52 911 155 756 1,686 59 1,195 157 1,038
East 1,084 38 480 1,152 40 561
West 404 14 431 534 19 634
2. TRIGA 3,218 105 642 77 565 3,359 109 674 81 593
East 2,045 67 302 2,134 70 319
West 1,173 38 340 1,225 39 355

® East Refers to the eastern United States ports of entry. Spent nuclear fuel shipments from foreign research
reactors located in Europe, Africa, Middle East, and eastern part of Central and South America are
designated as East Coast shipments. All others are designated as West Coast shipments.
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Series 6, radioactive materials must be transported in specially designed transportation casks that minimize
the potential consequences of transportation accidents. Transportation cask designs must demonstrate
their capability to ensure containment and to provide shielding by testing or analysis to the extent required
by these regulations. Under International Atomic Energy Agency regulations, spent nuclear fuel
transportation cask integrity must be demonstrated by successful performance during a sequence of tests
that simulate accident conditions. These tests include being dropped onto an unyielding surface, dropped
onto a steel post, subjected to extremely high temperatures of 800°C (1475°F) for 30 minutes, and
submersed in water. Cask designs that meet these performance criteria are issued a “Certificate of
Compliance” by a delegated national authority, referred to as the “Competent Authority.” The Competent
Authority is responsible for certifying casks that are designed or used within its “national boundary.” The
Competent Authority for the United States is the Department of Transportation.

To be used outside the country of origin, transportation casks must have a Certificate of Competent
Authority from the country of intended use. As the Competent Authority, the Department of
Transportation is responsible for granting a Certificate of Competent Authority to foreign-designed
transportation casks intended for use in the United States.

B.2.1.2 Domestic Regulations

Regulations for the transport of radioactive materials in the United States are issued by the Department of
Transportation, and are codified in Title 49 of the Code of Federal Regulations Parts 171-178 (49 CFR
- §171-178). These regulations reference accepted standards promulgated by organizations such as the
International Atomic Energy Agency, the International Civil Aviation Organization, the International Air
Transport Agency, the International Maritime Organization, and the U.S. Nuclear Regulatory Commission
(NRC). Federal standards are updated periodically to reflect new information and to remain current with
international standards, to minimize delays in international traffic, and avoid duplication of effort.

The regulation authority for radioactive materials transport is jointly shared by the Department of
Transportation and NRC. As outlined in a 1979 Memorandum of Understanding with NRC, the
Department of Transportation specifically regulates the carriers of spent nuclear fuel and the conditions of
transport, such as routing, handling and storage, and vehicle and driver requirements. The Department of
Transportation also regulates the labeling, classification, and marking of all spent nuclear fuel packages.
NRC regulates the packaping and transport of spent nuclear fuel for its licensees, which include
commercial shippers of spent nuclear fuel. In addition, NRC sets the standards for packages containing
fissile materials and spent nuclear fuel. A detailed discussion of Federal design and performance
regulations for transportation cask begins with Section B.2.1.3.

DOE policy requires compliance with applicable Federal regulations regarding domestic shipments of
spent nuclear fuel. Accordingly, DOE has adopted the requirements of 10 CFR §71, “Packaging of
Radioactive Material for Transport and Transportation of Radioactive Material Under Certain
Conditions,” and 49 CFR §171-179, “Hazardous Material Regulations.” Foreign research reactor spent
nuclear fuel shipments are subject to regulations set by the Department of Transportation and NRC.

B.2.1.3 Cask Design Regulations

Spent nuclear fuel is transported in robust “Type B” transportation casks that are certified for transporting
radioactive materials. These transportation casks are subject to stringent design, fabrication and operating
requirements imposed by the Competent Authority for the country of origin. Casks designed and certified
for spent nuclear fuel transportation within the United States must meet the applicable requirements of
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NRC for design, fabrication, operation, and maintenance as contained in 10 CFR §71. These regulations
generally conform to International Atomic Energy Agency regulations that are presented in the
International Atomic Energy Agency Safety Series 6 manual.

Cask design and fabrication can only be done by approved vendors with established quality assurance
programs (10 CFR §71.101). Cask and component suppliers or vendors are required to obtain and
maintain documents that prove the materials, processes, tests, instrumentation, measurements, final
dimensions, and cask operating characteristics meet the design basis established in the Safety Analysis
Report for Packaging for the cask, and that the cask will function as designed.

Regardless of where a transportation cask is designed, fabricated, or certified for use, it must meet certain
minimum performance requirements (10 CFR §71.71-71.77). The primary function of a spent nuclear fuel
transportation cask is to provide containment, criticality control, and shiclding. Regulations require that
casks must be operated, inspected, and maintained to high standards, ensuring their ability to contain their
contents in the event of a transportation accident (10 CFR §71.87). There are no documented cases of a
release of radioactive materials from spent nuclear fuel shipments even though thousands of shipments
have been made by road, rail, and water transport modes. Further, a number of obsolete casks have been
tested under severe accident conditions to demonstrate their adherence to design criteria without failure.
Such tests have demonstrated that transportation casks are not only fabricated to a very high factor of
safety; they are even sturdier than required.

Transportation casks are built out of heavy, durable structural materials, such as stainless steel, These
materials must ensure cask performance under a wide range of temperatures (10 CFR §71.43). In addition
to the structural materials, shielding is provided to limit radiation levels at the surface and at prescribed
distances from the surface of transportation casks (10 CFR §71.47). Shielding typically consists of dense
material such as lead or depleted uranium. In some cases, additional materials are added to provide
neutron shielding such as water-filled outer jackets, or highly hydrogenous materials such as polyethylene.
The cask cavity is configured to hold various contents including spent nuclear fuel assemblies. The
assemblies are supported by internal structures or baskets that provide shock and vibration resistance,
establish minimum spacing and criticality control through the use of nuclear poison materials such as
boron-impregnated metals, and heat transfer to maintain the temperature of the contents within the limits
specified in the Safety Analysis Report for Packaging.

Finally, to limit impact forces and minimize damage to the structural components of a cask in the event of
a transportation accident, impact-absorbing structures may be attached to the exterior of the cask. These
are usually composed of balsa wood, foam, or aluminum honeycomb that is designed to readily deform
upon impact to absorb impact energy. All of these components are designed to work together in order to
satisfy the regulatory requirements for a cask to operate under normal conditions of transportation and
maintain its integrity in an accident.

Design Certification

For certification, transportation cask must be shown by analysis and/or test to withstand a series of
hypothetical accident conditions. These conditions have been internationally accepted as simulating
damage to transportation casks that could occur in most reasonably foreseeable accidents. The impact,
fire, and water-immersion tests are considered in sequence to determine their cumulative effects on one
package. These accident conditions are described in Figure B-7. The NRC recently issued revised
regulations, 10 CFR Part 71, governing the transportation of radioactive materials, These regulations
become effective on Aprit 1, 1996 (NRC, 1995). The revised regulations conform with those of the
International Atomic Energy Agency and current legislative requirements. The revised regulations
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Standards for Spent Fuel Casks

For certification by the NRC, a cask must
be shown by test or analysis to withstand
a series of accident conditions. These
conditions have been internationally
accepted as simulating damage to spent
fuel casks that could occur in most severe
credible accidents. The impact, fire, and
water-immersion tests are considered in
sequence to determine their cumulative
effects on one package. A separate cask

is subjected to a deep water-immersion

test. The details of the tests are as follows:

Impact

Free Drop (a) ~ The cask drops 30 feet onto a
flat, horlzontal, unyielding surface so that it
strikes at its weakest point.

Puncture (b) - The cask drops 40 inches onto a
6-inch-diameter steel bar at least 8 inches long:
the bar strikes the cask at its most vulnerable
spot.

Fire (¢)

After the impact tests, the cask is totally
engulfed in a 1475°F thermal environment for
30 minutes.

Water Immersion (d)

The cask is completely submerged under at
least 3 feet of water for 8 hours. A separate
cask is completely immersed under 50 feet of
water for 8 hours,

Figure B-7 Standards for Transportation Casks (NRC, 1987)
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affecting "Type B" casks require that a spent nuclear fuel transportation cask with activity greater than
10° curies be designed and constructed so that its undamaged containment systern would withstand an
external water pressure of 290 psi, or immersion in 200 m (656 ft) of water, for a period of not less than
one hour without collapse, buckling, or allowing water to leak into the cask. Except for the addition of the
deep water immersion test, the regulations applicable to the transportation of foreign research reactor spent
nuclear fuel are unchanged.

Under the Federal certification program, a “Type B” packaging design must be supported by a Safety
Analysis Report for Packaging, which demonstrates that the design meets Federal packaging standards.
The Safety Analysis Report for Packaging must include a description of the proposed packaging in
sufficient detail to identify the packaging accurately and provide the basis for evaluating its design. The
Safety Analysis Report for Packaging must provide the evaluation of the structural design, materials
properties, containment boundary, shielding capabilities, and criticality control, and present the operating
procedures, acceptance testing, and maintenance program. Upon completion of a satisfactory review of
the Safety Analysis Report for Packaging by NRC to verify compliance to the regulations, a Certificate of
Compliance is issued.

B.2.1.4 Transportation Regulations

To assure that the transportation cask is properly prepared for transportation, trained technicians perform
numerous inspections and tests (10 CFR §71.87). These tests are designed to ensure that the cask
components are properly assembled and meet leak-tightness, thermal, radiation, and contamination limits.
The tests and inspections are clearly identified in the Safety Analysis Report for Packaging and/or the
Certificate of Compliance for each cask. Casks can only be operated by registered users who conduct
operations in accordance with documented and approved quality assurance programs meeting the
requirements of the regulatory authorities. Records must be maintained that document proper cask
operations in accordance with the quality requirements of 10 CFR §71.91. Reports of defects or accidental
mishandling must be submitted to NRC.

B.2.1.4.1 Communications

Proper communication assists in assuring safe preparation and handling of transportation casks.
Communication is provided by labels, markings, placarding, and shipping papers or other documents.
Labels (49 CFR §172.403) applied to the cask document the contents and the amount of radiation
emanating from the cask exterior (transport index). The transport index lists the ionizing radiation level
(in mrem/hr) at a distance of 1 m (3.3 ft) from the cask surface.

In addition to the label requirements, markings (49 CFR Subpart D and §173.471) should be placed on the
exterior of the cask to show the proper shipping name and the consignor and consignee in case the cask is
separated from its original shipping documents (40 CFR §172.203). Transportation casks are required to
be permanently marked with the designation “Type B,” the owner’s (or fabricator’s) name and address,
the Certificate of Compliance number, and the gross weight (10 CFR §71.83).

Placards (49 CFR §172.500) are applied to the transport vehicle or freight container holding the
transportation cask. The placards indicate the radioactive nature of the contents. In the United States,
spent nuclear fuel is a Highway Route Controlled Quantity which must be placarded according to 49 CFR
§172.507. Placards provide the first responders to a traffic or transportation accident with initial
information about the nature of the contents.
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Shipping papers should have entries identifying the following: the name of the shipper, emergency
response telephone number, description of spent nuclear fuel, and the shipper’s certificate as described in
49 CFR §172 Subpart C.

In addition, drivers of motor vehicles fransporting spent nuclear fuel must have training in accordance with
the requirements of 49 CFR §172.700. The training requirements include: familiarization with the
regulations, emergency response information, and the spent nuclear fuel communication programs
required by the Occupational Safety and Health Administration. Drivers are also required to have training
on the procedures necessary for safe operation of the vehicle used to transport the spent nuclear fuel.

B.2.1.4.2 Marine Transport

Relevant regulations applying to transport of spent nuclear fuel by vessel are found in 10 CFR §71 and 73,
and 49 CFR §176. The U.S. Coast Guard, part of the Department of Transportation, inspects vessels for
compliance with applicable regulations and requires 24-hour prenotification (33 CFR §160.207, 211, and
213).

49 CFR §171.12 (d) states that: “Radioactive materials being imported into or exported from the United
States, or passing through the United States in the course of being shipped between places outside the
United States, may be offered and accepted for shipment in accordance with International Atomic Energy
Agency Regulations for the Safe Transport of Radioactive Materials, Safety Series No. 6, 1985 Edition.”
Compliance with certain specified conditions of this section is required. For example, highway route
controlled quantities of radioactive material must be shipped in accordance with appropriate provisions of
the hazardous materials regulations and a Certificate of Competent Authority must be obtained, with any
necessary revalidations. A Certificate of Competent Authority fulfills the International Atomic Energy
Agency requirement for multilateral approval for a shipment of “Type B” packages in international
commerce.

49 CFR §176.5 details the application of the regulations to vessels: “...this subchapter applies to each
domestic or foreign vessel when in the navigable waters of the U.S,, regardless of its character, tonnage,
size, or service, and whether self-propelled or not, whether arriving or departing, underway, moored,
anchored, aground, or while in drydock.”

49 CFR §176.15 provides for enforcement of 49 CFR Subchapter C: *(a) An enforcement officer of the
U.S. Coast Guard may at any time and at any place, within the jurisdiction of the U.S., board any vessel
for the purpose of enforcement of this subchapter and inspect any shipment of hazardous materials as
defined in this subchapter.” Provision is also made in this section to detain a vessel which is in viclation
of the hazardous materials regulations,

The U.S. Coast Guard may accept a certificate of loading issued by the National Cargo Bureau, Inc., as
evidence that the cargo is stowed in conformity with law and regulatory requirements. The National
Cargo Bureau, Inc., is a nonprofit orgamzation directed by Government and industry representatives
(49 CFR §176.18). 49 CFR §176.18 authorizes inspectors of the National Cargo Bureau, Inc., to assist the
Coast Guard in administering the hazardous materials regulations, Their functions are as follows:

"(1) Inspection of vessels for suitability for loading hazardous materials;
(2) Examination of stowage of hazardous materials;

(3) Making recommendations for stowage requirements of hazardous materials cargo; and,
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(4) Issuance of certificates of loading setting forth that the stowage of hazardous matertals is in
accordance with the requirements of 46 U.S.C. 170 and its subchapter.”

Detailed requirements for radioactive materials are located in 49 CFR §176 Subpart M of the Hazardous
Materials Regulations. General radioactive material stowage requirements state that “(b) A package of
radioactive materials which in still air has a surface temperature more than 5°C (9°F) above the ambient
air may not be overstowed with any other cargo. If the package is stowed under the deck, the hold or
compartment in which it is stowed must be ventilated,” (49 CFR § 176.700).

Except for exclusive-use shipments, requirements relating to transport indexes state that:

*. .. the number of freight containers with packages of radioactive materials contained therein
must be limited so that the total sum of the transport indexes in the containers in any hold or de-
fined deck area does not exceed 200, and:

(1) The sum of transport indexes for any individual freight container, or group of freight
containers, does not exceed 50; and,

(2) Each freight container or group of freight containers is (are) handled and stowed in such a
manner that groups are separated from each other by a distance of at least six m (20 ft),”
[49 CFR § 176.704(c)].

Section 176.76(a) includes provision for freight containers with hazardous materials to be carried onboard
a vessel in accordance with the following:

" (I) The material must be in proper condition for transportation according to the requirements of
this subchapter;

(2) All packages in the transport vehicle or container must be secured to prevent movement in
any direction. However, vertical restraint is not required if the shape of the packages and the
stuffing pattern precludes shifting of the load;

(3) Bulkheads made of dunnage which extend to the level of the cargo must be provided unless
the packages are stowed flush with the sides or ends;

(4) Dunnage must be secured to the floor when the cargo consists of dense materials or heavy
packages.”

Each freight container must be placarded as required by 49 CFR §172 Subpart F of the Hazardous
Materials Regulations [176.76(D].

Section 176.80 requires that radioactive matertals be segregated from other hazardous materials so that
they do not interact dangerously in an accident, or alternatively, requires that the radioactive material be in
separate holds when stored under deck. In 49 CFR §176.83(b), a table is provided (Table 1I) that specifies
the minimum separation distances for different classes of hazardous materials onboard a vessel. A
minimum horizontal separation distance of 3 m (10 ft) projected vertically from the reference package is
required. For specificd hazardous materials, the ““separate from” requirement means that the materials
must be placed in separate holds when stowed under deck.
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B.2.1.4.3 Ground Transport

Overland shipments (by railcar or by truck) are regulated by a variety of the Department of Transportation
and NRC regulations dealing with packaging, notification, escorts, and communications. In addition, there
are specific regulations for carriage by rail and carriage by truck.

When provisions are made to secure a package so that its position within the transport vehicle remains
fixed during transport, with no loading or unloading between the beginning and end of transport, a package
shipped overland in exclusive-use closed transport vehicles may not exceed the following radiation levels
as provided in 49 CFR §173.441(b):

= 1,000 mrem/hr on the external package surface;
« 200 mremv/hr at any point on the outer surface of the vehicle;

» 10 mremv/hr at any point 2 m from the vertical planes projected from the outer edges of the
vehicle;

o 2 mrem/hr in any normally occupied position in the vehicle, except that this provision does
not apply to private motor carriers when the personnel are operating under a radiation
protection program and wear radiation-exposure monitoring devices.

The shipper of record must comply with the requirements of 10 CFR §71.5 and §73.37. Section 71.5
provides that all overland shipments must be in compliance with the Department of Transportation and
NRC regulations; these regulations provide for security of irradiated reactor fuel. General requirements
include: providing notification to NRC in advance of each shipment, developing a shipping plan,
providing escort instructions, establishing a communications center to be staffed 24 hours a day, making
arrangements with local law enforcement agencies along the route for their response (if not using law
enforcement persomnel as escort), ensuring that the escorts are trained in accordance with Section 73.37
Appendix D, and ensuring that escorts make notification calls every 2 hours to the communications center.
Additional requirements include having two armed escorts within heavily populated areas (when not in
heavily populated areas, only one escort is needed) and the capability of communicating with the
communications center and local law enforcement agencies through a radiotelephone or other NRC
approved means of two-way voice communication.

The shipper of record, as required by 49 CFR §173.22, provides physical security measures for spent
nuclear fuel shipments equivalent to those of NRC. The shipper, or the shipper’s agent, provides
notification for unclassified spent fuel shipments to State officials.

B.2.1.4.3.1 Rail Transport

Rail transportation requirements for radioactive materials are contained in 49 CFR §174. Briefly, for rail
shipments of spent nuclear fuel the following additional requirements apply:

e railcars carrying radioactive materials must be segregated from other cars within a train,
and cannot be next to other placarded hazardous materials (49 CFR §174.85) or occupied
engines or cabooses; and

o hazardous materials shipments (including radioactive) must be expedited (49 CFR
§174.14).
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In addition, Association of American Railroad Interchange mules require that spent nuclear fuel be shipped
only on railcars meeting certain construction and packaging retention requirements (AAR Rule 88A 1d).
Rail routing has not been regulated by the Department of Transportation because the railroads are
privately-owned companies. However, rail routes used for spent nuclear fuel shipping must be approved
by NRC under a physical security plan (10 CFR §73.37).

B.2.1.4.3.2 Truck Transport

Truck transportation requirements for radioactive materials are contained within 49 CFR §177.800. In
addition to requirements for securement and segregation by total transport index (50), there are road
routing requirements as well. For carriage by truck, the carrier will use interstate highways or
State-designated preferred routes for movement of radioactive materials in conformity with the
Department of Transportation rulemaking, Docket HM-164. These regulations, found in 49 CFR
Subpart D, establish routing and driver training requirements for highway carriers of packages containing
“highway-route-controlled quantities” of radioactive materials. Spent nuclear fuel shipments constitute
such quantities. The Department of Transportation also issues road operating requirements for radioactive
materials shipments, including parking and operating rules. Primarily, these rules require trucks to stop
and undergo visual inspection by the driver every 160 km (100 mi). Domestic road routing must also be
approved by NRC under a physical security plan.

Many State and local governments have established their own rules, specifying such things as
prenotification requirements, time-of-day restrictions, routes, and special equipment. State and local
regulations that unnecessarily burden, delay, or ban shipments of radioactive materials will be preempted
under the Hazardous Materials Transportation Act. The Department of Transportation rules make routing
designation by appropriate State agencies enforceable by the Federal Government according to a
determination by the Department of Transportation that such route designations are likely to result in
turther reduction of radiological risk.

B.2.2 Potential Transportation Casks

This section provides a description of the transportation casks that could be used for marine and ground
transport of foreign research reactor spent nuclear fuel. The casks were identified from a review of the
“Directory of National Competent Authorities’ Approval Certificates for Package Design, Special Form
Material, and Shipment of Radioactive Material, 1993 Edition,” and the RAMPAC (radioactive material
package) database for certified radioactive materials packaging (NRC, 1993). The review included only
those transportation casks with current “Type B” designations for spent nuclear fuel.

B.2.2.1 Marine Transport

Table B-13 identifies the potential ransportation casks for marine transport of foreign research reactor
spent nuclear fuel. Each of these casks has both a certification from the country of origin and a certificate
of competent authority from the Department of Transportation, which is designated as the Competent
Authority for the United States. Except for the Unifetch, each of the casks has been previously used or
accepted for use by DOE.
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Table B-13 Proposed Transportation Casks for Marine Transport

LHRI.-120 USA/3BYB(U)F Yes Australia
GNS-11 USA/0381/BU)E Yes Germany
TN-1 USA/0316/B{U)F Yes Germany
TU-04 USA/0100/B(UF Yes France
TN-7 (TN-7/2) USA/0130BUE Yes Germany
NAC-LWT USAS225/B(NF Yes United States
Unifetch GB/1113/B(M)E No Great Britain
Goslar USA/0094/B(M)F Yes Germany

Table B-14 summarizes the essential characteristics of the marine transportation casks for foreign research
reactor spent nuclear fuel, such as physical dimensions, weight, type, and quantity of spent nuclear fuel
elements each cask can accommodate, cooling time before shipment, maximum activity content in a cask,
and the maximum initial >°U content of each element. A summary of important characteristics of these
casks is also provided after Table B-14.

Table B-14 Transportation Cask Design Characteristics for Marine Transport

2 y = & : i T
LHRL-120 214 150-170  [MTR tubular 114 2,557/30 H: 3,400
(HIFAR) D: 2,300
GNS-11 13.6 173 Tubular MTR. 21-28 180/41 H: 1,460
323 Boxed-type MTR. 33 180727 D: 1,185
TN-1 18.4 NA Boxed-type MTR 126 NA H: 2,910
D: 950

1U-04 18.9 Varied: Speciai Tubular 1 about one yr/1,250 |H: 2,240
150-8600 |Boxed-type MTR 36-40 D: 1,880

TRIGA Spent 40-44

Nuclear Fuel
TN-7 25.5 290 Tubular-Boxed 60-64 250-1,780/2,000 H: 3,155
(TN-7/2) (24.5) type MTR D: 1,030
8,500 Special 2 310/2,000
NAC-LWT 23.2 17,575 Commercial PWR 1-PWR 730 - PWR H: 5,100
Commercial BWR 2-BWR 730 - BWR D: 1,120
Natural*  |Metallic Rod 15 - Met. Rods 365 - Met. Rods
354 Boxed-type MTR 42 1,095

Unifetch 169 405 Tubular 24 90/45.4 H: 2,100
170 Boxed-type MTR 40 90/123 D: 1,800
Goslar 109 320 Boxed-type MTR 13 120/960 H: 1,460
D: 1,190

*Natural = Maximum initial U is0.711 weight percent
NA = Not Available
PWR = Pressurized Water Reactor
BWR = Boiling Water Reactor
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LHRL-120

The LHRL-120 consists of a cylindrical cask surrounded by an impact limiter supported on cradles
attached to a skid that is bolted to the base of a shipping container. The cask is a right circular cylinder
with two concentric walls of steel for structural strength, with the annular area between the walls. The
inner shell forms the containment.

The cask is built of inner and outer shells welded to the bottom end closure plate and top bolt ring, and
secured by a bolted lid with a double o-ring seal. The annular space between the shells is filled with lead
and supplementary lead shielding plates are provided on the bottom end closure plate and lid. The cask
has two external lifting trunnions and, except for the high strength steel bolts, lead shielding, and synthetic
rubber o-ring, is constructed of stainless steel plugs.

The impact limiter consists of a steel shell filled with dense polyurethane foam arranged to provide energy
absorption and thermal insulation.

During transport, the cask body is completely enclosed by an impact limiter which provides both thermal
and impact protection. The impact limiter is constructed in two pieces which bolt together and surround
the cask body. LHRL-120 is designed for passive cooling by means of cooling tubes that penetrate the
impact limiter. Tubes in the bottom half also transfer loads to the cradles. The cask and the impact limiter
are secured to the skid by two tie-down straps and restraints. The skid is bolted to the base of an open
conventional shipping container and is in turn enclosed by a steel weather cover fitting inside the end walls
of the container and bolted to the container base. The container has standard International Standards
Organization lifting arrangements and is approved under the international convention for safe containers.

The length and diameter of the cask with the impact limiter are 3.4 m (134 in) and 2.3 m (91 in),
respectively. The total mass of the cask with contents, impact limiter, skid and tie-downs is 21,36 metric
tons (47,080 Ib) and the gross mass of the package including lift yoke, bolt tooling, tcol box, weather
cover and shipping container is approximately 24 metric tons (52,800 1b).

The cask was designed by Eggers, Ridelhalgh, and Partners of Columbus, Ohio for spent nuclear fuel from
the High Flux Australian Rescarch Reactor (HIFAR).

Permitted Contents:

Irradiated spent nuclear fuel elements with a minimum decay period of 7 years

Maximum number of fuel elements per package 120

Maximum fuel mass 554 kg (1,200 1b)
Maximum decay heat 290 Watts

Maximum mass of both baskets (empty) 891 kg (1,965 Ib)
Maximum activity of package 80,000 Ci (3.0 x 10*1° Bg)
Transport Index 50

® The maximum number allowed is 114.

Two identical baskets are authorized for the LHRL-120 cask in a 1 x 2 array, (i.e., in a stacked
configuration). The baskets are constructed exclusively of aluminum alloys 6061 and 6063. Each basket
contains 60 cells, each providing an 11-cm- (4.3-in-) diameter by 65-cm- (25.75-in-) high cylindrical
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cavity for each fuel assembly. Omnly 57 of the cells are loaded with fuel elements; the 3 center-most
positions are left unloaded. The nominal wall thickness of the cell is 6.4 mm (0.25 in). Maximum mass of
both baskets tiers (empty) is 891 kg (1,965 1b).

GNS-11

The GNS-11 consists of a welded stainless steel/lead construction which is tightly closed with a primary
lid. The cask body can be closed at the lid region with a protection plate. The spent nuclear fuel clements
fit into a fuel basket which is inserted in the cask cavity. The cask is an upright circular cylinder with two
concentric walls of steel for structural strength with the anmular area between the walls filled with lead for
radiation shielding. The inner steel shell forms the containment.

The containment system is formed by the cask body, the primary lid including elastomer seal rings, plugs,
and boltings. During transport, hood shaped impact limiters consisting of steel plates with a soft wood
filling are attached to the top and bottom of the cask. In the upper region, two trunnions are screwed to the
cask body for handling. The cask has the following external dimensions:

Diameter (without impact limiters) 1,185 mm (46.7 in)
Diameter (with impact limiters) 1,355 mm (53.4 in)
Height (cask body) 1,460 mm (57.5 in)
Height (with impact lirniters) 1,780 mm (70 in)

The cask body is protected during transport by top and bottom impact limiters while the cask is secured
vertically on its low-boy transporter. The cask weighs about 13.6 metric tons (30,000 1b). The cask can be
used to ship up to 28 tubular-type MTR elements and up to 33 box-type MTR elements with initial By
enrichment of up to 93 percent. In addition, the cask can also be used to transport other types of irradiated
hardware. This cask is shown in Figure B-8.

Since the temperature on the outside of the package may exceed 50°C (122°F) and the transport index can
be greater than 10, the package is to be transported as a full load or as a closed load. Therefore, a
maximum of two casks could be fixed in a shipping container. The cask was designed and manufactured
by the German company Gessellschaft fur Nuklear-Behalte GmbH. There are currently two GNS-11
casks available for use.

Permiited Contents:

Three different fuel baskets are authorized for use with this cask. These accommodate various types and
amounts of fuel:

1. A maximum of 21 or 28 (depending on the type of fuel basket used) irradiated tubular MTR
fuel elements consisting of 3 to 5 concenfrically arranged fuel tubes, with the following
further specifications per fuel element:

Maximum initial enrichment 80 percent
Chemical form U-Al alloy
Maximum initial mass of 2>°U 173.4 g (6 0z)
Maximum initial quantity of uranium 217.0g (7.5 02)
Maximum active length 61 cm (24 in)
Maximum diameter of outer tube 10.3 cm (4 in)
Minimum cooling time 180 days
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Figure B-8 GNS Shipping Cask
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Thermal power (average) maximum 76 Watts (for 21 fuel
elements per cask)

Thermal power (average) maximum 57 Watts (for 28 fuel
elements per cask)

Maximum activity 40.5 kCi (1.5 PBg)

2. A maximum of 33 irradiated boxed-type MTR fuel elements, each containing a maximum of
23 aluminum-based fuel plates, with the following further specifications per fuel element:

Maximum initial enrichment 93 percent

Maximum initial mass of 2>°U 268 g (9.3 0z)

Maximum initial mass of wranium 335g(11.6 0z)

Active length maximum 61 cm (24 in)
Cross-sectional area approx. 81 x 76 mm (3.2 x 3.0 in)
Minimum cooling time 180 days

Thermal power (average) maximum 48.5 Watts

Maximum activity 27 kCi (1 PBg)

3) A maximum of 33 irradiated boxed-type MTR-fuel elements each containing a maximum of
23 aluminum-based LEU fuel plates (containing dispersed U3Siz or UzOg) with the
following further specifications per fuel element:

Maximum initial enrichment 20 percent

Maximum initial mass of 2>°U 323 g (11.2 0z)

Maximum initial mass of uranium 1,635 g (3.6 1bs)

Active length maximum 61 cm (24 in)
Cross-sectional area approx. 81 x 76 mm (3.2 x 3 in)
Minimum cooling time 360 days

Thermal power (average) maximum 48.5 Watts

Activity maximum 27 kCi (1 PBq)

IN-1

The TN-1 is a cylindrical double-walled steel container with lead and plaster for shielding. It is
constructed of steel structural shells with the annulus between them filled with lead for gamma shielding
and plaster as a heat shield. Additional heat insulation and impact resistance is provided by impact
limiters. The cask, with the impact limiters, weighs 18.37 metric tons (40,500 1b). The internal cavity can
accommodate three baskets one on top of the other, each filled with up to 42 boxed-type MTR fuel
elements of initial >>°U enrichment of up to 94 percent.

The containment system is formed by the cask body, lid with its “elastomer” seals and bolts, and three
sealing plates with *“‘elastomer” seal rings in the cask body via the quick connections.

Physical dimensions of TN-1 are as follows:

Without Shock Absorber With Shock Absorber
Width 950 mm (37.4 in) 1,284 mm (50.6 in)
Height 920 mm (36.2 in) 1,254 mm (49.4 in)
Length 2,910 mm (114.6 in) 3,075 mm (121 in)
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TN-1 is designed by the French company Cogema. It is shipped in the horizontal position with the top and
bottom impact limiters attached. The TN-1 cask is shown in Figure B-9.

Top View Without
Protective Cover
Without Ud
Lid Protective "B Connection Protective  "C" Connection *B" Connectlon
Cover (TOP) Cover (Not Used) (Top)
l Vent inlet Vent ﬁ\let
1-1"
digin
/]
*C” Connection
(Not Used)
"A" Connection
(Bottorm Drain)
Cavity
g
420 |
]j] Unit=mm
I]: ¥

‘A" Connection
(Bottorm Drain)

Figure B-9 TN-1 Shipping Cask
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Iy-04

The TU-04, also known as Pegase, consists of a body built of two stainless steel shells enclosing a lead
shield. The inner confinement shell and the lead shield form a solid unit constituting the body. The outer
shell is provided with a base plate filled with asbestos and is fitted with cooling fins. A layer of plaster is
placed between the bottom of the outer shell and the lead. The steel lid is filled with lead and plaster.
There are two pipe systems connecting the inner tank to the outside.

The cask is a right circular cylinder with two concentric walls of steel for structural strength with the
annular area between the walls filled with lead for radiation shielding. The inner steel shell forms the
containment. The IU-04 inner cavity can accommodate a variety of baskets which may be used to
transport both MTR and TRIGA spent muclear fuel. The cask weighs approximately 18.9 metric tons
(41,670 1b). It is transported in the vertical position on the pallet, with top and bottom impact limiters to
protect it in the event of an accident.

There is a main protective cover of stainless steel filled with balsa wood of two different densities. There
are covers of mild steel protecting the pipe outlets which are filled with plaster. Like TN-1, this cask was
also designed by Cogema. The [U-04 cask is shown in Figure B-10,

The cask is authorized to be used with various baskets designed for different types of spent nuclear fuel.
The following summarizes a selected number of baskets designed for IU-04 casks:

1. Basket AA-267 - consists of cylindrical aluminum grid, 960 mm (37.8 in) high, containing
40 channels of square cross section, 84 x 84 mm (3.3 x 3.3 in), and 4 channels of cross
section, 72 x 72 mm (2.83 x 2.83 in). The grid is surrounded by an aluminum belt with
outside diameter of 795 mm (31.3 in). The aluminum contains two percent boron. The
bottom end is covered by a 15-mm- (0.6-in-) thick aluminum plate welded to the cylindrical
belt. It contains drain orifices.

Diameter 795 mm (31.3 in)
Total Height 1,030 mm (40.6 in)
Useful Height 960 mm (37.8 in)
Approx. Weight 360 kg (793.7 1bs)

A total of 44 MTR boxed-type (72 x 72 mm cross section) fuel elements can be put in this
basket. The maximum allowed residual thermal power per element is less than 80 Watts.

2. Basket TN-9083 - consists of a block of stainless steel containing five percent boron. The
basket is 895 mm (35.2 in) long and has 36 lodgments of 81 x 87 mm (3.2 x 3.4 in) cross
section, bored to a diameter of 98 mm (3.9 in). The bottom is covered by a plate, 12 mm
{0.5 in) thick, fastened to the block by screws. The bottom plate comtains drain orifices of
50 mm (2 in) diameter. The dimensions of the basket are as follows:

Base Height 90 mm (3.5 in)

Diameter 796 mm (31.3 in)
Total Height 907 mm (35.7 in)
Useful Height 895 mm (35.2 in)

Approx. Weight 1,410 kg (3,108 1bs)
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Figure B-10 IU-04 Shipping Cask

A maximum of 36 MTR tubular type fuel elements can be put in this basket. The maximum
residual thermal power of each spent nuclear fuel must be less than 132 Watts.

Basket TN-9083 can also be used for TRIGA spent nuclear fuel. The maximum

235
content of each TRIGA spent nuclear fuel element must be less than 40 g (1.4 0z).
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3. Basket AA-49 - consists of 5 sectors of Copper-Cadmium alloy (at least 2 percent Cadmium
by weight) with 5 square channels of 84 x 84 mm (3.3 x 3.3 in) and 1 channel of 71.5 x
71.5 mm (2.8 x 2.8 in), and a central core in stainless stecl with a system for fastening the

sectors.
Diameter 800 mm (31.5 in)
Total Height _ 1,030 mm (40.6 in)
Useful Height 970 mm (38.2 in)
Approx. Weight 2,500 kg (5,511 1bs)

Basket AA-49 accommodates 30 fuel elements of 93 percent enrichment from BR-2 with a
maximum allowable residual power of 266 Watts per clement.

4. Basket AA-50 - consists of 6 sectors of Copper-Cadmium alloy (at least 2 percént Cadmium
by weight) with 6 channels of rectangular cross section 86 x 77.5 mm (3.4 x 3.1 in), and a
central core in stainless steel with a system for fastening the sectors,

Diameter 800 mm (31.5 in)
Total Height 1,030 mm (40.6 in)
Usetul Height 970 mm (38.2 in)
Approx. Weight 1,996 kg (4,400 1bs)

Basket AA-50 accommodates 36 boxed-type MTR fuel elements of up 93 percent
enrichment. Maximum allowable residual power per each element is 200 Watts.

5. Basket AA-117 - is fabricated in Z2-CN-18-10 stainless steel with a base plate 10 mm
(0.4 in) thick drilled with water drain holes in the center, 4 vertical posts 10 mm (0.4 in)
thick bolted to the base plate and connected together by 3 circular spacers. Basket AA-117
accommodates 1 fuel element of 93.5 percent enrichment from RHF with a maximum
allowable residual thermal power of less than 3,000 Watts.

Diameter 797 mm (31.4 in)
Total Height 1,030 mm (40.6 in)
Useful Height 420 mm (16.5 in)
Approx. Weight 165 kg (364 1bs)

TN-7 (TN-7/2)

The TN-7 consists of a cylindrical stainless steel exterior container with corresponding stainless steel lid
with an integrated lead shielding; four trunnions; one bottom shock absorber; and a stainless steel,
concentric cylindrical interior container, which together with its lead constitutes the “tight enclosure.”
Between the interior and the exterior container there is a lead shielding, 185 mm (7.3 in) thick at the sides,
and 170 mm (6.7 in) thick at the lid. This shielding is surrounded by a humid cement thermal insulation.
Within the interior container, up to four racks can be stacked upon each other for the admissible contents
mentioned above.

The cask is a right circular cylinder with two concentric walls of steel for structural strength. The annular
area between the steel walls is filled with lead for radiation shiclding. The inner steel shell forms the
containment.
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The cask weighs about 25.5 mefric tons (56,220 1b). The TN-7 was originally designed for the
transportation of short light water reactor spent nuclear fuel but has the capability to accommodate the
highly-enriched MTR spent nuclear fuel. In this capacity, the 4 baskets that fit in the inner cavity can
accommodate up to 15 tabular or 16 box-type MTR fuel elements each.

The cask is transported in the horizontal position with top and bottom impact limiters providing protection
in the event of an accident.

The TN-7/2 is very similar in design and dimension to the TN-7. The TN-7/2 is used to transport the same
types and quantities of spent nuclear fuel as the TN-7. In addition, it can be used to transport up to
64 box-type MTR spent nuclear fuel elements or 2 RHF special spent nuclear fuel elements. The TN-7/2
is transported the same way as the TN-7. There is one TN-7 cask available for use at the present time.
This cask has been designed by the German company Transnuklear GmbH.

Permitted contents:

1) Up to four insert racks, containing per rack:

— maximum 15 ijrradiated tubular-type MTR fuel elements, each containing a
maximum of 250 g (8.7 oz} of m‘amum enriched between 80 and 93 percent with
a maximum of 200 g (6.9 oz) of 23U in the form of a U-Al alloy, with a
minimum cooling time of 250 days and a maximum activity of 40 kCi (1.48 PBq),
or

— maximum 16 irradiated Boxed-type MTR fuel elements, each containing a
maximum of 363 g (12.6 oz) of uramum enriched between 80 and 93 percent,
with a maximum of 290 g (10.1 oz) of 22%U in the form of a U-Al alloy, with a
minimum cooling time of 1,780 days and a maximum activity of 20 kCi (740
TBQ).

The racks can be combined within a cask, provided that the maximum thermal powers do not exceed
125 Watts per fuel element; 1,125 kW per rack; and 4.5 kW per cask.
OR

2) Up to two irradiated RHF type fuels, or a fuel containing a maximum number of 280 fuel
plates each, with an active fuel length of about 900 mm (35.4 in}, containing originally a
maximum of 9.32 kg (20 6 Ibs) of uwranium enriched to 93 percent of “U with a maximum
of 8.67 kg (19.1 1bs) of U in the form of a U-Al alloy per element.

Maximum activity per fuel element 1,000 kCi (37 PBqg)
Thermal output per fuel element maximum 2.25 kW
Cooling time 310 days

TN-7 is authorized as Fissile Class IT with a minimum Transport Index of 8.3 per package.

NAC-LWT

NAC-LWT is a steel encased lead shiclded transportation cask. The cask body consists of a 19-mm-
(0.75-in-) thick stainless steel inner shell, a 146-mm- (5.75-in-) thick lead gamma shield, a 30-mm-
(1.2-in-) thick stainless steel outer shell, and a neutron shield tank. The inner and outer shells are welded
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to a 101.6-mm- (4-in-) thick stainless steel bottom and forging. The cask bottom consists of a 76.2-mm-
(3-in-) thick, 52.7-cm- (20.75-in-) diameter lead disk enclosed by a 88.9-mm- (3.5-in-) thick stainless steel
plate and bottom end forging. The cask lid is a 287-mm- (11.3-in-) thick ring stainless steel stepped
design, secured to a 362-mm- (14.25-in-) thick ring forging with twelve 25.4-mm- (1-in-) diameter bolts.
The cask seal is a metallic O-ring. A second teflon O-ring and a test port are provided to leak test the seal.
Other penetrations in the cask cavity include the fill and drain ports, which are sealed with port covers and
teflon O-rings. The cask weighs about 22.4 metric tons (51,200 1b) including a maximum of 1.75 metric
tons (4,000 Ib) weight of fuel and basket. '

The neutron shield tank consists of a 6.1-mm- (0.24-in-) thick stainless steel shell with 12.7-mm-
(0.50-in-) thick end plates. The neutron shield region is 416.5 cm (164 in) long and 127 mm (5 in) thick.
The neutron shield tank contains an ethylene glycol/water solution that is 1 percent boron by weight.

The overall dimensions of the package, with impact limiters, are 5.9 m (232 in) long by 165.1 ¢m (65 in)
diameter. The cask cav1ty is 4.52 m (178 in) long and 340 mm (13.4 in) in diameter, having a volume of
about 0.41 m> (14.5 ft ) The cask is equipped with aluminum honeycomb impact limiters. The top
impact limiter has an outside diameter of 165.7 cm (65.25 in) and a maximum thickness of 71.9 cm
(28.3 in). Both impact limiters extend 30.5 cm (12 in) along the side of the cask body. The cask is
transported in the horizontal position.

NAC-LWT is designed to transport one pressurized water reactor assembly, two boiling water reactor
assemblies, up to 15 metallic fuel rods, or 42 boxed-type MTR foreign research reactor spent nuclear fuel |
with a proper basket design. There are several NAC-LWT casks available which could be used to
transport foreign research reactor spent nuclear fuel. It is designed by the Nuclear Assurance Corporation
in the United States.

Unifetch

Unifetch was originally designed for the transport of the spent nuclear fuel from the BR-2 (Belgium
reactor). The cask weighs about 18.6 metric tons (41,000 Ibs) and can accommodate either 24 or 40 spent |
nuclear fuel elements. The cask is transported in the vertical position. Unifetch is designed by Transport |
Technology in the United Kingdom.

Permitted Contents:
Two types of baskets are designed for Unifetch:

1) Baskets with maximum capacity of 24 fuel elements: Irradiated BR-2 nuclear fuel elements,
assembled from plates, consisting of an inner core of natural or enriched uranium alloyed
with aluminum contained within an aluminum cladding.
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Fuel core thickness
Maximum pre-irradiation mass of 235 U
Maximum mass per unit length of 2

Suy assembly

0.51 mm (0.02 in)
405 g (14.1 0z)
5.495 g/cm (0.5 oz/in)

Maximum decay heat per fuel element 10.7 Watts

Maximum decay heat per package 260 Watts

Minimum fuel active length 737 mm (29 m)
Maximum fuel active cross section 5,384.56 mm? (8.35 in )
Cladding thickness 0.38 mm (0.01 in)
Maximum activity of package 45.4 kCi (1.68 PBg)
Minimum cooling time 90 days

2) Baskets with maximum capacity of 40 fuel elements: Irradiated MTR boxed type nuclear
fuel elements, assembled from plates, consisting of an inner core of natural or enriched
uranium alloyed with aluminum contained within an aluminum cladding.

Maximum mass of 235

Maximum mass of

U per element
U in the shield

Maximum decay heat per fuel element
Maximum decay heat per package

Minimum fuel active length

Maximum activity of package

Minimum cooling time

GOSLAR

The Goslar cask is a double-walled right circular cylindrical steel container that uses lead shielding in the
annulus between the inner containment and outer structural container. The Goslar-Behatler was previously
used to transport boxed-type MTR elements with B3y enrichment between 20 percent and 93 percent

from several foreign research reactors to the United States.

Goslar was designed and fabricated by Transnuklear GmbH. It weighs approximately 10.9 metric tons
(24,000 1b) and has inner cavity dimensions of 483 mm (19 in) diameter x 960 mm (37.8 in) tall. Exierior

170 g (6.7 in)

1,265 g (2.8 1bs)

11.5 Watts

460 Watts

58.42 cm (23 in)
1233 kCi (4.56 PBq)
90 days

dimensions, including impact limiters, are 1,185 mm (46.4 in) diameter and 1,460 mm (57.4 in) height.

Permitted Contents:

Three different fuel configurations are authorized to be used with this cask. These accommodate various

types and amounts of fuel:

1) A maximum of 13 irradiated MTR fuel elements (consisting of flat or curved fuel plates)
with the following further specifications per fuel element:

Maximum initial enrichment
Chemical form

Maximum initial mass of 235 U

Minimum cooling time
Thermal power
Maximum activity
Thermal power
Maximum activity
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93 percent
U-Al alloy

320g(11.1 0z)

120 days

maximum 300 Watts
89.2kCi (3.3 PBq)

maximum 3,200 Watts per cask
960 kCi (35.5 PBq) per cask
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2) A maximum of 13 irradiated boxed-type MTR fuel elements, with the following further
specifications per fuel clement:

Maximum initial entichment 45 percent

Maximum initial mass of 2°U 323 g (11.2 02)

Minimum cooling time 120 days

Thermal power maximum 300 Watts
Maximum activity 89.2kCi (3.3 FBq)

Thermal power maximum 3,200 Watts per cask
Maximum activity 960 kCi (35.5 PBq) per cask

3) A maximum of 13 irradiated MTR fuel elements with a total of 104 kg (22.9 lbs) of
uranium enriched between 17 to 80 percent with a maximum of 1.755 kg (3.9 lbs) of > U,
with the following further specifications per fuel clement:

Maximum initial enrichment 80 percent

Maximum initial mass of 2°U 135 g (4.7 0z)

Minimum cooling time 200 days

Thermal power maximum 1 Watt

Activity maximum 300 Ci (0111 PBq)

B.2.2.2 Ground/Intersite Transport

Table B-15 identifies the transportation casks for ground/intersite transport of foreign research reactor
spent nuclear fuel. Each of these casks has a valid certificate for use in the United States. Although some
of these transportation casks are not currently certified for the shipment of research reactor spent nuclear
fuel similar to that from foreign research reactors, it is anticipated that all of the casks could be recertified
to accept such material.

Table B-15 Transportation Casks for G

USA/M023/B( F No United States
USA/M001/B( F Yes United States
USA/S957/B(U)F Yes United States
USA/9228/B(U)F No United States
USA/015/B( ) Yes Germany
USA/M010/B( )F Yes United States
USA/9225/B(UF Yes United States

Design information for ground transportation casks is summarized in Table B-16. Additional narrative
summary information on each of theses casks is also provided below. Although no numbers are given for
each cask capacity in terms of number of foreign research reactor spent nuclear fuel elements, it has been
estimated that the space for each pressurized water reactor element (assembly) can accommodate 12 to
16 foreign research reactor spent nuclear fuel elements.

NLI-10/24

The Nuclear Assurance Corporation NLI-10/24 is a railcar transported stainless steel transportation cask.
The cask is 519.4 cm (204.5 in) long, 234.8 cm (96 in) diameter, and weighs 72.5 metric tons (159,000 1b)
empty. Radioactive shielding is provided by lead, water, depleted uranium, and a high temperature
polymer. The cask is authorized to contain either 10 pressurized water reactor or 24 BWR irradiated
uranium-oxide fuel assemblies.
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s Cavk “{metrictons) Frel T “Generation (kW) | () b )
NLI-10/24" 77.5 PWR or BWR 10 PWR/ 70 150 H: 5,995
24 BWR D: 2,440
IF-300° 43.1 PWR or BWR 7PWR/ 11.7 120 H: 5,335
17 BWR D: 1,625
BMI-1 99 MTR boxed-type 24 1.5 90 H: 1,864
D: 856
GE-2000 12.7 HFIR® Irradiated fuel 1 0.6 120 H: 3,340
D: 1,829
TN-8 16.3 PWR 3 355 150 H: 5,740
(TN-9) {16.3) {(BWR) D (24.4) {150) D: 1,700
NLI-1/2 21 PWR or BWR 1 PWR/ 10.6/ 150/ H: 4,953
2BWR 10.6 120 D: 1,200
NAC-LWT? 23.2 PWR or 1 PWR/ 2.5/ 730 H: 5,080
BWR 2BWR 1.1 D: 1,120
MTR 15 1 365

a Currently does not have proper certification for foreign research reactor spent nuclear fuel use.
b High Flux Isotope Reactor fuel is similar to that of RHF fuel.

PWR = Pressurized Water Reactor
BWR = Boiling Water Reactor

IF-300

The General Electric IF-300 is a stainless steel encased, depleted uranium transportation cask. The cask is
533.4 cm (210 in) long, 162.6 cm (64 in) in diameter, and weighs 43.1 metric ton (95,000 Ib) empty.
Radioactive shielding is provided by depleted uranium, stainless steel, and a water-ethylene glycol
mixture. The cask is permitted to ship 7 pressurized water reactor or 17 boiling water reactor irradiated
vranium-oxide fuel assemblics. The IF-300 transportation cask is illustrated in Figure B-11.

BMI-1

The BMI-1 cask is a truck transported, steel-encased, lead shielded transportation cask. The basic body is
a right circular cylinder measuring 1.86 m (73.37 in) high and 0.85 m (33.37 in) in diameter. The cask
weighs about 9.9 metric tons (21,860 Ib) empty. The cask is permitted to ship 24 MTR boxed-type
irradiated fuel assemblies. DOE, the authorized user of the BMI-1, lends it almost exclusively for the
domestic shipment of research reactor fuel. As such, its design includes eight licensed basket and canister
combinations, including one for TRIGA fuel with an initial enrichment up to 93 percent. These fuels are
very similar to those used by the foreign research reactors. The BMI-1 cask is illustrated in Figure B-12.

GE-2000

The GE-2000 is a truck transported, stainless steel transportation cask. It is constructed from stainless
steel shells and uses lead as a shielding material. The cask is 3.34 m (131.5 in) long, 1.8 m (72 in) in
diameter, and weighs about 12.7 metric tons (28,000 1b) fully loaded. Current authorized contents include
irradiated fuel rods and by-product, source, or special nuclear material. The GE-2000 cask is used
primarily for domestic shipments of research reactor spent nuclear fuel. It is currently being certified for

B-30



FOREIGN RESEARCH REACTOR SPENT NUCLEAR FUEL
CHARACTERISTICS AND TRANSPORTATION CASKS

yse) surddig go¢-AT 11-9 21n31g

jaxsna [end

21QDAOLLISY sUt 1DoDdWw)
I18US J&4nQ) llous Jeuy;
1985 SSOUIDLS 19818 SSeIUIDIS

(sninuuY PN

P84S UoyneN «\« :

s
v/,

Ay

ATAT AT A
&Y AY,

&N\

iexoor Bupieius 180
[ea1s sseuois peobnuo)d

XOg OAIDA
AaDD soddn

SIUD] UojsuDdXg
pOBH
PI2IUS uoynoN QINsoLD #$0)

sexog eADA
PIeIUS UOLNeN

DU uoisundaq
PIeIUS UOUNEN

XOg @AIDA
AJADD) 18MOT

B-51



APPENDIX B

76.2 Lead + 19 Stesel

1.984

4

Unit = mm Paliet - 2,438 x 1,829 x127

Figure B-12 BMI-1 Shipping Cask
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use at the Oak Ridge National Laboratory for shipments of high flux isotope reactor fuel, which is almost
similar in geometry to that used in RHF (see Section B.1.3) reactor but contains more 25U fuel. The
GE-2000 is illustrated in Figure B-13.

TN-8 (TN-9)

The Transnuclear TN-8 is a lead, steel, and resin shielded right cylinder, stainless steel transportation cask.
The cask is 561.3 cm (221 in) long, 170 cm (67 in) in diameter, and weighs 16.3 metric tons (36,000 1b)
empty. The TN-8 is permitted to ship three pressurized water reactor irradiated fuel assemblies. The
TN-9 transportation cask is nearly identical to the TN-8, however, it is permitted to ship seven BWR
irradiated fuel assemblies. These casks are classified as overweight truck casks in highway transport.

NLI-1/2

The Nuclear Assurance Corporation NLI1-1/2 is a depleted uranium, water, and lead shielded transportation
cask, encased in stainless steel. Shielding is provided by depleted uranium, lead, and a borated
water-ethylene glycol mixture. The cask measures 495.3 c¢cm (195 in) long, 120 ¢m {(47.125 in) in
diameter, and weighs 21 metric tons (49,250 1b) empty. It is permitted to ship either 1 pressurized water
reactor or 2 boiling water reactor irradiated fuel assemblics. The NLI-1/2 is a legal weight truck cask that
has been used at the Savannah River Site for the receipt of Taiwanese foreign research reactor spent
nuclear fuel as recently as 1990. The NLI-1/2 is illustrated in Figure B-14.

NAC-LWT

The Nuclear Assurance Corporation NAC-LWT is a truck tramsported, steel-encased, lead shielded
transportation cask. Radioactive shielding is provided by stainless steel and lead. The cask measures
508 cm (200 in) long, 165.1 cm (65 in) in diameter, and weighs 22.4 metric tons (51,200 Ib) full. The cask
is permitted to ship cither one pressurized water reactor or two boiling water reactor irradiated fuel
assemblies. This cask is also certified for the transport of Taiwanese foreign research reactor spent nuclear
fucl. The NAC-LWT is nearly identical to the NLI-1/2.
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Figure B-13 GE-2000 Shipping Cask
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Neutron Shield Tank

Gamma Shieid

Lower Impact Umiter
Cask Inner Lid
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Figure B-14 NLI-1/2 Shipping Cask
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Appendix C
Marine Transport and Associated Environmental Impacts

C.1 Introduction

Shipment of any material via ocean transport entails risks to both the ship’s crew and the enviromment.
The risks result directly from transportation-related accidents and, in the case of radioactive or other
hazardous materials, also include exposure to the effects of the material itself.

This appendix provides a description of the approach used to assess the risks associated with the transport
of foreign research reactor spent nuclear fuel from a foreign port to a U.S. port(s) of entry. This appendix
also includes a discussion of the shipping configuration of the foreign research reactor spent muclear fuel,
the possible types of vessels that could be used to make the shipments, the risk assessment methodology
(addressing both incident-free and accident risks), and the results of the analyses. Analysis of activities in
the port(s) is described in Appendix D.

The incident-free and accident risk assessment results are presented in terms of the per shipment risk and
total risks associated with the basic implementation of Management Alternative 1 and other
implementation alternatives. In addition, annual risks from incident-free transport are developed.

C.2 Scope

This appendix addresses the modes of marine transportation and the nonradiological and radiological risks
associated with marine transportation.

Transportation Modes: Marine transport of foreign research reactor spent nuclear fuel could occur via a
combination of four types of vessels: container ships, roll-on/roll-off vessels, general cargo (breakbulk)
vessels, or purpose-built vessels. In the incident-free analysis, it was assumed that all shipments would be
made on breakbulk vessels. Breakbulk cargo vessel speeds are typical of the four types of cargo vessels
considered, which means that the breakbulk vessel time enroute, (i.e., from port of origin to port of entry)
is representative of the four vessel types. The ship speed selected for the analysis, 15 knots or 17.3 mph, is
at the lower end of the range of speeds for commercial cargo vessels. This, in turn, maximizes the
radiation dose received by the ship’s crew, which bounds the incident-free risk. No vessel type
assumption is necessary for the analysis of the impacts associated with the accident conditions, since these
impacts are essentially independent of the type of ship.

Nonradiological Impacts: These risks were assessed as resulting in a negligible impact on the health of
the public and workers. The limited number of shipments (less than a thousand individual spent nuclear
fuel containers) would not result in a significant change in the number of ocean crossings by transport
vessels. Regardless of the ship selection — general cargo, container, roll-on/roll-off, or purpose-built vessel
— a negligible increase in the exposure of the public to exhaust emissions or transportation-related
accidents would occur.,

More than 56,000 port calls of ships engaged in foreign trade are made at U.S. ports each year
(DOC, 1994). The basic implementation of Management Alternative 1 would result in the addition of less
than 50 round trip voyages by vessel per year; the actual number of voyages that might occur would be
dependent on the manner in which the policy, if adopted, was implemented. On average, less than
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60 foreign research reactor spent miclear fuel casks would be required to be shipped each year to fulfill the
basic implementation shipping needs. These shipments could be made on regularly scheduled commercial
cargo vessels. Alternatively, these shipments could be made in a chartered vessel, where the transportation
casks would be the only cargo onboard the vessel.

If commercial cargo vessels were used, the shipment of foreign research reactor spent nuclear fuel
transportation casks would not result in additional voyages specifically for the transport of the foreign
research reactor spent nuclear fuel. The approximately 60 transportation casks per year would be part of
the general cargo carried by the ships. As discussed in Section C.3.1.2, container vessels typically have a
capacity in the range of 800 to 1,000 containers, while some carry many more. General cargo vessels tend
to be somewhat smaller, but still have capacities equivalent to several hundred containers. Each foreign
research reactor spent nuclear fuel transportation cask is assumed t0 be shipped within a container.
Therefore, for the tens of thousands of vessels received at U.S. ports each year, each carrying hundreds of
containers, ot their equivalent, the basic implementation alternative would add approximately
60 containers per year. This is equivalent to much less than the capacity of one cargo vessel.

If chartered vessels were to be used for the shipment of the foreign research reactor spent nuclear fuel, the
number of shipments required per year would depend on the number of transportation casks loaded into
each vessel. Many factors would affect this number, such as the size of the ship, the availability of the
ship, originating point for the shipments, and the readiness of foreign research reactor operators to ship the
spent nuclear fuel. Estimates of the number of transportation casks that could be shipped on a single
vessel are in the range of two to eight. This range results in estimates of between 30 and less than
10 shipments per year. Thirty shipments involve less than 0.001 of the total number of port calls by
vessels engaged in foreign trade received at U.S. ports each year.

A combination of the two means of shipping the foreign research reactor spent nuclear fuel, commercial
cargo and charter vessels, would result in somewhat fewer additional voyages by cargo vessels thana the
use of dedicated vessels alone. The use of five chartered voyages (carrying eight casks each) in
combination with commercial cargo vessels could result in more than half of the foreign research reactor
spent nuclear fuel casks being transported on chartered vessels. These five chartered voyages would
represent less than 0.0001 of the number of vessels received at U.S. ports.

Regardless of the types of ships selected, there would be negligible impact on the marine environment
including endangered species or habitats because of the negligible increase in ship traffic.

Radiological Impacts: The risks resulting from the radioactive nature of the shipments are addressed for
both incident-free and accident transportation conditions. The radiological risks associated with the
incident-free shipping conditions would be the potential exposure of the members of the crew to external
radiation in the vicinity of the packaged fuel. No other public exposure is considered, due to the relative
isolation of the material from the general public during all phases of the marine transport of the spent
nuclear fuel. The potential exposure to radiation due to accidents is assessed for the marine environment
in the event of the loss of a cask at sea and the consequent release of the cask’s inventory into the marine
environment. Only the marine exposure pathway is considered in detail, as the relative isolation from land
and populated areas of the material during almost all of the voyage would minimize direct exposure
through air pathways. Additionally, since the damaged cask is assumed to be lost at sea (and if not lost at
sea, any airborne release would be deposited on the ocean surface), the marine pathway is likely to have
more severe consequences.
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All radiologically-related impacts on humans are calculated in terms of committed dose and associated
health effects in the exposed populations. The radiation dose calculated is the total effective dose
equivalent (EDE), which is the sum of the EDE from the external radiation exposure and the 50-year
committed EDE from internal radiation exposure. The EDE is the sum of the tissue and organ-weighted
dose equivalents for all irradiated tissues and organs. The committed EDE considers the initial exposure
and the effects of radioactive decay and climination of the radionuclide through ordinary metabolic
processes over the 50-year period. Radiation doses are presented in units of person-rem for collective
population and rem or mrem (equal to 0.001 rem) for individuals. The impacts are further expressed as
health risks, primarily in terms of latent cancer fatalities (LCFs). The health risk conversion factors were
derived from International Commission of Radiological Protection Publication 60 (ICRP, 1991). See
Chapter 4 of this Environmental Impact Statement (EIS) for a more detailed discussion of radiation dose
and risk.

C.3 Selection of Modes and Routes

C3.1 Modes of Transportation

This section describes the possible shipping configurations of the cask and the types of vessels that could
be used for ocean transport. In general, the shipping configuration of the cask conforms to the type of
vessel to be used in ocean transport. The purpose of this section is t0 assist in understanding the specific
operations or handling issues that arise in the various cask shipping configurations or in the use of specific

vessel types.

Currently, the preferred mettfod of commercial transport aboard ocean vessels is to mount casks in metal
containers, sometimes called “International Standards Organization containers.” Typically, containerized
casks are transported on smaller general cargo vessels rather than on large vessels specifically designed for
container transport. :

As described in Section C.3.1.2, non-containerized transport is feasible, but is not generally used. An
exception is the shipment of casks in purpose-built ships, which are specifically designed to accommodate
radioactive material casks. Purpose-built ships for cask transport are described in Section C.3.1.2.

C.3.1.1 Cask Transport Configurations

This section describes the three configurations of casks for transport. The casks may be containerized,
mounted on a wheeled trailer, or free-standing. Typically, containcrized casks are mounted in a 6.1-m
(20-ft) container, since casks rarely exceed 5.8 m (19 ft) in length. Wheeled cask trailers are usually
dedicated trailers that have unique hardware used to secure the cask to the trailer frame. Free-standing
casks are mounted on a skid, pallet, or cradle to facilitate handling the cask in intermodal transfer and in
stowage.

Containerized Cask Configuration; Casks may be transported within International Standards Organization
containers to take advantage of standardized port container lifting gear and vessel and transporter container
tiedowns. The International Standards Organization container is a steel box that conforms to a set of
standard dimensions, and has standard tiedown and lift points. The standard height and width is 2.4 m
(8 ft). There are two standard lengths, 6.1 m and 12.2 m (20 ft and 40 fi). The four corners of the
container arc structural posts that have lifting points at the top and tiedown points at the bottom. These
containers are commonly used to move all manner of goods transported by vessel and, because of the
standardized dimensions and lifting points, can be rapidly transferred between the dock and the vessel.

C-3
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Lifting, stowage, and transfer of containers is described in Appendix D.

Casks are mounted within the container using specially designed supports in the container floor. These
supports mate with the tiedown structure of the cask to secure it to the container.

Figure C-1 shows a spent muclear fuel cask being loaded into an International Standards Organization
container. Containers may be either completely enclosed using a removable top, as shown in Figure C-1,
or have open sides and top. Usually, an enclosed container is used with a cask that is certified for transport
with a “‘personnel barrier.” As its name implies, the personnel barrier is a structure that surrounds the cask
in transport, to preclude inadvertent personnel contact with the cask surface. The barrier is a required
feature if the cask surface can exceed about 52°C (125°F) in non-exclusive-use transport. The cask may
become warm in transport due to the decay heat of the spent nuclear fuel within the cask. Usually, the
barrier is constructed of expanded metal screen or other lightweight material. Casks that do not require a
barrier may be mounted in open containers. In either case, the floor of the container is specially designed
to support the weight of the cask, and to incorporate the tiedown fixtures of the cask. The tiedowns may
be unique, as those shown in Figure C-1, or they may be bolts that secure the skid, pallet, or cradle to the
floor of the container.

Since the introduction of International Standards Organization containers, shipment of spent nuclear fuel
in casks mounted in containers has become the preferred configuration. Use of containers provides an
improvement in the ease of securing the cask to the vessel. It also permits the use of standard container
handling and transport equipment that is used at many ports.

Roll-On/Roll-Qff Cask Configuration: Casks can be transported by vessel on a wheeled trailer that allows
the cask to be rolled onto the vessel, and at the destination, rolled off. The cask (on its own unique,
dedicated trailer) is moved on and off the vessel using a standard truck tractor or wheeled tug across a
ramp extending between the vessel and the dock.

A few shipments have been made to the United States from Europe using casks mounted on their own
dedicated trailers. However, current Federal regulations (49 CFR 176.76(b)) restrict trailered hazardous
cargo (such as spent nuclear fuel) to transport on a trailership (roll-on/roll-off), trainship, ferry vessel, or
car float. This regulation would preclude shipment of trailered casks containing spent nuclear fuel on
general cargo, or other vessels. It has been assumed that the foreign research reactor spent nuclear fuel
will be shipped as containerized cargo, not mounted on trailers. Use of containers will not limit the type of
vessel that can be selected for transport.

Free-Standing Cask Configurations: Casks could be transported as a free-standing package. In this
configuration, the cask would be mounted on a skid, pallet, or cradle to facilitate both lifting and tiedown.
A pallet is usually required because casks have unique tiedowns and lift points that may not be readily
accommodated by more common rigging and stowage bindings. The pallet is usually designed to provide
a means of attaching the cask to the transport trailer or railcar. The cask is usually either attached to the
pallet by bolting at the cask tiedown fixtures, or by the use of specially designed turn buckle cables.

Free-standing casks have previously been transported on general cargo vessels that carry cargo as
“breakbulk.” Breakbulk cargo is any cargo that is handled individually and may be containerized or
otherwise unitized.

Shipments of free-standing casks are no longer routinely made, primarily because the securing of the cask
to the vessel is comsidered to be somewhat less certain than that obtained with International Standards
Organization containers, and because of the risk of damage to the cask in handling and stowage.
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Figure C-1 Spent Nuclear Fuel Cask Being Loaded into an International Standards
Organization Container

Recently, several purpose-built ships have been placed in service that transport casks in a free-standing
(non-containetized) configuration. Purpose-built vessels are described in Section C.3.1.2. These
dedicated vessels incorporate holds containing structural tiedowns designed to mate with the cask, and
which provide additional shielding from radiation. The purpose-built vessels are operated by crews both
trained in radiological safety and with a radiological control program in place.
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C.3.1.2 Vessel Types, Cask Handling Requirements, and Methods of Service

This section describes the four principal types of vessels that could be used for the transport of casks. The
vessel types include container, roll-on/roll-off, general cargo (also called breakbulk), and purpose-built
vessels.

Each of these types of vessel have somewhat different handling requirements for the cargo they carry.
Cask handling and equipment requirements are also described.

Individual shipments could be made by scheduled commercial vessel, or by charter vessel. Vessels on
scheduled routes generally call on the more important ports. Scheduled vessels also typically call at
intermediate ports between a given origin and destination.

Because of the general public aversion to nuclear materials, there has been a marked decrease in the
number of steamship lines that will accept spent nuclear fuel cargoes in scheduled service. Also, many
foreign ports and some U.S. ports do not currently permit docking or handling of spent nuclear fuel
shipments, either en route or as a destination. This has led to an increased reliance on spent nuclear fuel
ocean transport by chartered vessel. Vessels for charter are available from any number of steamship lines.
Generally, smaller general cargo (breakbulk) vessels are used for charter shipments.

Container Vessels: Container vessels are typically large ships that are specifically intended for the
transport of International Standards Organization containers (Figure C-2). Modern container ships can
transport up to about 5,000 containers, although a more typical capacity is in the range of 800 to 1,000. A
principal advantage of container vessels, because of standardization of containers, is that the vessel can be
rapidly loaded or off loaded at those ports equipped with container gantty cranes, Containers can be
removed from (or placed on) the vessel at an average rate of about 45 containers per hour. At well
equipped container vessel ports, two cranes are used to move containers. Smaller container vessels may be
equipped with an onboard crane allowing calls at ports that are less well equipped.

Because of cost, the only container ships generally used to transport spent nuclear fuel are in scheduled
service. Smaller general cargo vessels are morc suitable to chartered service, and these vessels
accommodate containers.

Roll-On/Roll-Off Vessels: Roll-on/roll-off vessels are vehicle carriers (Figure C-3) used for the ocean
transport of cars and trucks. The vessels are loaded and unloaded using a ramp between the vessel and
dock. Ordinarily, the vessel carries its own ramp, which is deployed by an on-board crane, hydraulic
cylinders, or chain drives. The ramp may extend from the stern of the vessel or from a hatch in the side
hull of the vessel. At docks intended for roll-on/roll-off service, additional ramps may be deployed from
the dock to expedite loading or unloading. For ocean transport, the trailers are lashed to the deck(s) of the
vessel using ratchet or turnbuckle type bindings to fixed securement points in the deck. It is likely that a
roll-on/roll-off capable vessel could be leased, should a roll-on/roll-off capability be required.

General Cargo (Breakbulk) Vessels: General cargo vessels (Figure C-4) are small-to-medium sized ships
(compared to container vessels) that typically call on less well developed or equipped ports. They have
on-board jib or boom type cranes that can be used to load or unload the ship. As the name implies, these
vessels are intended to accommodate a wide variety of cargoes. Since the advent of the widespread use of
containers, most of these ships are equipped with International Standards Organization lock fixtures to
secure containers to the ship deck(s) and to each other. If necessary, containers can be lifted on and off
these ships by using four-legged slings between the corners of the container and the hook of the crane.
Because of the versatility of these vessels, casks configured for containerized or free-standing transport
can be accommodated.
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Figure C-3 Roll-on/Roll-off Vessel
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Figure C-4 General Cargo Vessel

Free-standing casks would be palletized for transport on a general cargo vessel. For stowage, the pallet
would be lashed to the vessel hold or deck using conventional chains or binders. Pallets do not have
standard tiedown fixtures, so there is wide variability in the specific tiedown requirements for each pallet
design. Also, there is variability in provisions for lifting the pallet. The standard tiedown configuration of
containers eliminates much of this variability. Consequently, containerized cask handling has resulted in
an increase in the use of this configuration for the shipment of casks, and there has been a significant
reduction in the number of casks shipped in the free-standing configuration.

General cargo ships have been routinely available for chartered shipment of containerized casks containing
spent nuclear fuel from any number of U.S. or foreign ship lines. Because there are a comparatively small
number of casks that are available for use, chartered small general cargo vessels are an option to scheduled
service.

Purpose-Built Vessels: Purpose-built vessels, as used here, are those vessels specifically designed to
transport spent nuclear fuel casks (Figure C-5). These vessels are not used for the transport of any other
cargo and they operate as dedicated vessels. Casks are loaded directly into the holds of the vessel because
the cargo compartments contain the hardware needed to mate with the tiedown fixtures of the cask. If the
vessel has no crane, dockside cranes are used for loading and unloading. The cargo compartments are
typically intended to handle a specific cask, and other casks cannot be used without modification to the
tiedown mechanisms. For the relatively efficient transport of spent nuclear fuel, the casks normally used
are very large. They are intended for the transport of power reactor spent nuclear fuel, and have a loaded
weight on the order of 90 to 115 metric tons (99 to 126.5 tons). Commercial docks are not normally used,
but most could be without significant problems.

The vessels have double bottoms and hulls, watertight compartments, and collision damage resisting
structures within the hull. The vessel crew is trained in the handling of the cargo and in emergency
response. These vessels also incorporate security features and satellite tracking systems.
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Figure C-5 Purpose-Built Ship

At present, purpose-built vessels are operated by Nuclear Transport Services of Japan, by the Swedish
Nuclear Fuel and Waste Management Company, and by British Nuclear Fuels, Limited. They are used to
move spent nuclear fuel from operating nuclear power plants to spent nuclear fuel reprocessing facilities
operatcd by Cogema and British Nuclear Fuels, Limited; or, in the case of Sweden, to the repository in
Forsmark. There are no U.S.-owned purpose-built vessels for spent nuclear fuel transport.

C.).2 Identification of Routes

The foreign research reactor spent nuclear fuel that might be transported by sea under the proposed action
could originate from 40 different countries. For calculation of shipping distances to the United States,
shipping routes were selected to represent the transport of the fuel from a convenient port in the country of
origin (for land-locked nations a port near the country of origin was selected) to both an East Coast and a
West Coast U.S. port. Norfolk, VA, and Los Angeles, CA, were selected as the two port cities for use in
determining a representative distance from the country of origin to the East and West Coasts of the United
States. These distances were then combined to gencrate an average shipping distance between the country
of origin and the United States. By using a city on both coasts of the United States to determine an
average distance between ports, the analysis considers the possibility that shipments of foreign research
reactor spent nuclear fuel would not necessarily be made to the closest U.S. port and, in fact, may be
shipped to the “opposite” coast.

Table C-1 is a compilation of the distances for shipments from each of the countries that may participate in
this program (except Canada) to the ports on both U.S. coasts. All route distances were obtained by using
normal shipping lanes (DMA, 1991). For some of the shipments that might be received at the *opposite”
U.S. coast port, the use of the Panama Canal was assumed. Other than the shipping requircments
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Table C-1 Voyage Data

Argentina 5,824 7,265 21.2 9 5
Australia 12,728 6,511 29.7 9 5
Austria 5,026 8,955 229 8 4
Bangladesh 10,017 9,384 . 31.0 3 2
Belgium 3,582 7,782 19.3 59 30
Brazil 4,723 8,109 20.8 8 4
Chile 4,438 4,808 16.3 2 ]
Colombia 2,174 3,265 11.1 1 1
Denmark 3,990 8,190 204 22 11
France 3,181 7,287 18.0 149 75
Finland 4,453 8,653 21.7 6 3
Germany 3,919 8,119 20.2 61 31
Greece 4,685 8,614 220 8 4
Indonesia 10,566 8,392 30.3 14 7
Iran 12,013 11,783 36.6 1 1
Israel 5,366 9,295 23.9 6 3
Italy 4,336 8,265 21.0 18 9
Jamaica 1,279 3,507 10.2 1 1
| Japan 9,504 4,839 234 110 55
Korea (South) 10,480 5,229 253 18 g
Malaysia 10,417 7,867 289 3 2
Mexico 1,772 1,501 7.6 6 3
The Netherlands 3,582 7,782 15.3 49 25
Pakistan 11,460 10,749 34.4 3 2
Peru 3,172 3,655 13.0 1 1
Philippines 11,169 6,530 28.1 6 3
Portugal 3,129 7,550 18.3 3 2
Romania 5,353 9,282 23.8 48 24
Slovenia 4,172 8,372 20.9 13 7
South Africa 6,790 9,385 26.0 2 1
Spain 3,303 7,564 18.6 1 1
Sweden 4,331 8,531 21.4 37 19
Switzerland 5,026 8,955 229 5 3
Taiwan 11,732 7,093 297 9 5
Thailand 13,169 7.775 331 5 3
Turkey 5,002 8,931 229 4 2
United Kingdom 3,101 7.301 18.5 4 2
Uruguay 3,710 7,171 209 1 1
Venezuela 1,687 3,757 11.1 4 2
Zaire 5,864 8,583 236 4 2

Totals 721 n

Average 21.3

Distance East - Distance in nautical miles from country of origin to Norfolk, Virginia

Distance West - Distance in nautical miles from country of origin to Los Angeles, California

Average Distance - Distance in nautical miles from country of origin to both U.S. ports

Voyage Duration - Average distance divided by 15 knots per hour plus additional days for busy way points
(i.e., Panama Canal) and three days for additional stops

Number of Casks - Tolal casks from country of origin

Number of Voyages - Number of trips required assuming two casks per voyage
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applicable to the entire journey, there are no known restrictions for spent nuclear fuel passing through
either the Suez or Panama Canals. Figure C-6 provides a representation of the shipping routes selected for
these shipments, although other normal shipping routes may be used.

Arctic Ocoan Arctic Ocean

o

Figure C-6 Representative Shipping Routes for Foreign Research Reactor
Spent Nuclear Fuel

C.4 Incident-Free Impacts: Methods and Results

C.4.1 Incident-Free Risk Assessment Methodology

External radiation from an intact transportation cask must be below specified limits that control the
exposure of the handling personnel and general public. The U.S. limits are set forth in 49 CFR 173. The
limit of interest established therein is 10 mrem per hour at any point 2 m (6.6 ft) from the vertical planes
projected by the outer lateral surfaces of the transport vehicle. This limit is associated with an
“exclusive-use” shipment, which is a shipment in which no other cargo is loaded in the container used for
the foreign research reactor spent nuclear fuel transportation cask and the container is not off-loaded and
restowed in transit, except as directed by the shipper. This does not mean that the vessel is used
exclusively for foreign research reactor spent nuclear fuel. All shipments within this program are expected
to fall within this category.

In general, much of the foreign research reactor spent nuclear fuel to be received will have been out of the
reactor for a significant amount of time prior to shipment, resulting in external dose rates much less than
the regulatory limit. Past shipments of research reactor fuel have not approached the 49 CFR 173 Limit
(many, in fact, had dose rates of much less than I mrem per hour at 1 m). Due to the scope of this
program and the possibility that some of the spent nuclear fuel may be shipped with shorter * cooldown”
times than previous shipments, an analysis using typical historical dose rates may not be fully
representative of all shipments. Therefore, the analysis has been performed assuming a dose rate (1) at the
above-cited regulatory limit, and (2) detived from measurements taken during earlier foreign research
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reactor spent nuclear fuel shipments. Appendix F, Section F.5, provides a discussion of the development
of the exposure dose rate versus distance relationship for a transportation cask having a dose rate at the
selected exclusive-use regulatory limit.

The application of the 10 mrem per hour at 2 m (6.6 ft) exclusive-use regulatory dose limit and the
“historical” dose rates provide two significant estimates for the assumed external dose rates. The
exposure derived from the use of the selected regulatory limit for the dose rate is an estimate of the
maximum exposure that could result from the shipmients. The estimate derived from the “historical” data
is closer to an expected value for the incident-free impacts. Therefore, the results of these two analyses
provide an estimate of the range of incident-free impacts from the shipment of the foreign research reactor
spent nuclear fuel,

The primary impact of incident-free marine transport of spent nuclear fuel is on the crews of the ships used
to carry the casks. Members of the general public and marine life would not receive any measurable dose
from the spent nuclear fuel during marine transport. In addition to the protection provided by the
transportation casks, further protection for the general public and marine life is provided by the location of
the cask in the ship (that is, the distance from the cask to the outer surface of the ship) and the ship’s
structure. From the outside of the ship, the foreign research reactor spent nuclear fuel shipments would be
indistinguishable from any other commercial shipment. Under incident-free conditions of transport, public
exposure would be limited to the ship’s crew exposure, and the ship’s crew exposure is limited to crew
members exposed during the loading and offloading of the casks and to crew members who, on a daily
basis, inspect cargo (to ensure secure stowage) and the vessel.

The type of vessel assumed to be used for transport of the spent nuclear fuel is a U.S. crewed breakbulk
vessel with services not obtained on a charter basis. Breakbulk vessels typically have a number of holds,
decks within each hold for carrying cargo, and their own cargo handling equipment that could be used for
loading spent nuclear fuel casks. The flexibility of these vessels may be required to pick up spent nuclear
fuel at some countries, since container vessel facilities may not be available.

The spent nuclear fuel cask is assumed to be in a container for ease of handling. With this assumption, the
vessel with the longest cargo handling times for containerized cargo would be a breakbulk vessel.
Differences in cask handling time is the key factor contributing to the differences between the
incident-free impact of shipments of foreign research reactor spent nuclear fuel on different types of
vessels. (See Appendix D, Section 4, for details of handling times). Therefore, the selection of this type
of vessel results in a conservative estimation of the dose to the crew during transit and will bound the
estimate of crew dose for any ship type selected for transport of the spent nuclear fuel.

Two different sets of assumptions have been made to assess the incident-free impacts of the shipment of
foreign research reactor spent nuclear fuel. The first set of assumptions addresses the use of regularly
scheduled commercial cargo vessels for the shipments. When using regularly scheduled commercial
vessels, the assumption is made that two casks per vessel will be carried on each freighter, except in cases
where the number of casks from a country of origin is an odd number, which would result in one shipment
of only one cask. While it is likely that in some cases more than two casks per shipment could be
coordinated at the same time, it is expected that the assumption of two casks per vessel should bound the
incident-free analysis. The analysis assumes that both spent nuclear fuel casks are loaded into the same
hold, resulting in a dose to the crew from the first cask loaded while the second cask is being loaded. This
results in the crew being exposed from two sources at the same time for loading or unloading one of the
two casks. Should more than two spent nuclear fuel casks be shipped on the same vessel, it has been
assumed that the cargo loading would be limited to two spent nuclear fuel casks per hold. The crew would
not receive any additional dose from the third, fourth, etc., cask while engaged in activities in the hold with
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the first two spent nuclear fuel casks. The radiological exposure to the crew for a shipment of many casks
would be equivalent to the radiological exposure due to multiple shipments of fewer casks. For example,
if four casks are shipped on a single vessel, the crew dose for that single shipment would be equal to the
crew dose from two shipments of two casks each.

The second set of assumptions addresses the use of a chartered cargo vessel for the shipment of the foreign
research reactor spent nuclear fuel. Use of a chartered vessel (either a chartered commercial freighter or a
purpose-built vessel) could result in the shipment of more than two casks per voyage. Economic
considerations would suggest that a larger number of casks be shipped per voyage. For this analysis it has
been assumed that eight transportation casks would be shipped on a chartered vessel. Consistent with the
assumption made for the regularly scheduled commercial vessel, it has been assumed that the
transportation casks would be loaded two to a hold. Again, this results in doses to the crew from the first
cask loaded during activities associated with the loading of the second cask in the hold.

During loading operations, both on the regularly scheduled commercial and chartered vessels, it is
assumed that five members of the ship’s crew (Chief Mate, Mate on Watch, Bosun, and two Seamen) will
be present during loading and securing of the spent muclear fuel casks. While longshoremen will most
likely be used for the cargo handling activity, ship’s crew will be present, and therefore the crew dose
resulting from this activity has been included in the analysis. Table C-2 shows the crew member distances
from the spent nuclear fuel shipping cask and the duration of the crew members” exposure for each crew
member during the time leading up to the stowage of the cask prior to setting sail for the ocean voyage.
The distances and times are based on vessel loading activities for a two-cask-per-hold shipment. The total
dose (based on the sclected exclusive-use regulatory limit external dose rate of 10 mrem per hour at 2 m or
6.6 ft from the surface of the container) for each individual is calculated for each shipment. Since two
casks are assumed to be shipped in each hold, when quantities allow, the condition exists for loading and
securing of a cask to take place in the vicinity of another cask. The additional dose received by working
around a cask already in the hold are accounted for in Table C-2. This was accomplished by increasing the
exposure rate by a factor of 1.5 for the activities associated with securing the second cask. As listed, the
estimated exposure represents the crew exposure for the regularly scheduled commercial vessel, which has
been assumed to be limited to a total of two fransportation casks. The exposure for each listed crew
member in a chartered vessel would be four times these values, since the eight casks are assumed to be
loaded into four holds.

Table C-2 Ship Crew Exposure During Loading of a Hold Containing Two Foreign
Research Reactor Spent Nuclear Fuel Casks (Based on Regulatory Dose Limits)

55 35 60 0.009

Chief Mate 20

1 5
Mate on Watch 20 1 5 8 2.1 60 0.005
Bosun 20 1 5 5.5 3.5 60 0.009
Seaman (2) 20 1 5 5.5 3.5 60 0.018

 Distance is the average distance of the crew member from the spent nuclear fuel cask during the entire
duration of that activity.

b Exposure rate is calculated based on 10 mrem/hr at 2 m (6.6 ft) from the shipping container surface.

€ Includes the exposure from the first loaded casks for activities associated with securing the second cask.
The exposure rate for securing the second cask is 1.5 times the listed rate.
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While at sea, the crew dose is limited to those individuals who enter the ship’s hold during transit. At all
other times, the crew is shielded from the spent nuclear fuel cask by the decking and other structures of the
vessel. The number of entries and inspections is a function of the voyage distance from the port of loading
to the port of offloading (the U.S. port of entry for the foreign research reactor spent nuclear fuel). Since
the port of offloading is unknown at this time, voyage distances were determined for each country of
origin t0 a West and East Coast port of the United States. The average of these two distances was then
calculated. Table C-1 shows the countries of origin, the number of casks, the distances to the East and
West Coast ports, the average voyage distance, the days of travel, and the estimated number of casks and
shipments for the basic implementation of Management Alternative 1. Because the actual shipping
schedule is unknown, the average annual number of shipments was estimated. The length of a voyage was
determined by assuming that the vessel would have an average speed of 15 knots for the entire duration of
the voyage. In addition, intermediate port stops would be made, and additional travel time was added to
account for portions of the voyage during which the vessel would not be expected to have a speed of
15 knots, (i.e., passage through busy locations, such as the Panama Canal).

Once a day while at sea or in port, the Chief Mate, the Bosun, and an Engineer are assumed to enter each
cargo hold to inspect the bilges and verify the lashings for the containers. Table C-3 describes the times
required for these activities, the distances from the casks during the activity, and doses received from the
casks during the activity (based on the selected exclusive-use limit of external dose rate of 10 mrem per
hour at 2 m or 6.6 ft from the surface of the container) for each of these individuals. The total dose due to
inspection activities is a function of the voyage duration and the number of holds that contain foreign
research reactor spent nuclear fuel casks.

Table C-3 Ship Crew Exposure Per Hold During At-Sea Inspections
(Based on Regulatory Dose Limits)

Chief Mate

55 7.0 20 2.3
Bosun 55 70 20 23
Engineer 5.5 7.0 20 2.3

@ Distance is the average distance of the crew member from the spent nuclear fuel cask during the entire
duration of that activity.

b Dose rate includes the sum of the effect of two casks in hold.

“ For a ship carrying two casks on a voyage duration of 21 days, the daily inspection dose to a crew member
would total 48.3 mrem.

In the analysis, two possible routes for the shipment of the spent nuclear fuel are considered. In the first,
when a regularly scheduled commercial vessel is used, two intermediate port stops are assumed to add
three additional days to the voyage, and therefore three additional hold inspections. The possibility of the
ship having intermediate port stops must be considered in the event that a regularly scheduled commercial
vessel is used for the shipment of the foreign rescarch reactor spent nuclear fuel since the shipment is
being made as part of a commercial cargo shipment. Such shipments are not limited to a single port of
call. Based on the information provided in Table C-1, the average duration of a voyage would be 21 days,
which includes three days for intermediate port calls. The second route accounts for using chartered ships
or regularly scheduled commercial ships for which the first port of call is the port of entry for the foreign
research reactor spent nuclear fuel. For this route, no intermediate port stops are included, so the travel
times listed in Table C-1 were reduced by three days, making the average duration of the voyage
approximately I8 days. If a ship carrying foreign research reactor spent nuclear fuel were to encounter
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mechanical problems or extreme weather and was forced to make an unscheduled port call, the
incident-free radiation exposure to the ship’s inspection crew would slightly increase as a result of the
additional duration of the voyage. People in the refuge port would not receive any exposure because the
foreign research reactor spent nuclear fuel would remain on the ship and would not be handled.

Once at the port of entry, all casks of the spent nuclear fuel would be off loaded. Table C4 describes the
estimated dose (based on the selected exclusive-use limit of an external dose rate of 10 mrem per hour at
2 m or 6.6 ft from the surface of the container) réceived by crew members involved in the offloading
activitics associated with the offloading of a single hold, that is, two casks. These doses arc the same as
those received during the loading phase of the transport activity. Once the spent nuclear fuel cask is over
the rail of the ship, the ship’s crew would not be in close proximity to it. As a result, no ship crew
personnel are assumed to be involved with any of the activities associated with disengaging the spent
nuclear fuel container from the handling gear or in securing the container to any transport vehicle used to
move the container off the pier.

Table C-4 Ship Crew Exposure During Offloading of a Hold Containing Two
Foreign Research Reactor Spent Nuclear Fuel Casks
(Based on Regulatory Dose Limits)

20 1 5 5.5 3.5 60
Mate on Waich 20 1 5 8 2.1 60
Bosun 20 1 5 5.5 3.5 60 0.009
Seaman (2) 20 1 5 5.5 3.5 60 0.018

4 Distance is the average distance of the crew member from the spent nuclear fuel cask during the entire
duration of that activity.

b Exposure rate is calculated based on 10 mrem/hr at 2 m (6.6 fi) from the shipping container surface.

€ Includes the exposure from the first loaded casks for activities associated with the first cask. The exposure
rate for securing the first cask is 1.5 times the listed rate.

Tables C-5 and C-6 summarize the total crew doses for the shipment activities on a per shipment basis,
annually, and for all of the shipments in the program. The maximum individual and total population doses
are based on the selected exclusive-use regulatory limit external dose rate of 10 mrem per hour at 2 m or
6.6 ft from the surface of the container. Table C-5 summarizes the crew doses if regutarly scheduled
commercial vessels were used for all foreign research reactor spent nuclear fuel shipments. Table C-6
summarizes the crew doses if chartered vessels were used for all foreign research reactor spent nuclear
fuel shipments. The reduction in the program crew-doses for the dedicated vessels is a result of the
reduced transit time associated with the chartered vessels due to the fact that they do not make
intermediate port calls. In situations where the services of a ship are obtained on a non-exclusive-use
basis, the maximum allowable annual dose to a member of the ship’s crew would be 100 mrem per year

[based on Nuclear Regulatory Commission (NRC) and U.S. DOE limits on the exposure of members of
the public].

As shown in Table C-5, the maximum individual dose per shipment on a regularly scheduled commercial
vessel is 66 mrem to the Chief Mate and Bosun, a dose well below the 100 mrem per year limit. If the
assumption was made that the same vessel and crew was used for as many shipments as possible in one
year, the maximum individual dose to a crew member would be approximately 600 mrem. This assumes
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Table C-5 Total Regularly Scheduled Commercial Ship’s Crew Exposure for
Marine Transport of Foreign Research Reactor Spent Nuclear Fuel Casks
(Based on Regulatory Dose Limits and Assuming Intermediate Port Stops)

66 590 24.8

Mate on Watch 11 98 4.0
Bosun 66 . 599 24.8
Seaman (2) 18 158 13.1
Engineer 49 441 18.2
Total 84.9

a Exposure per year based on nine voyages per year, two casks pervoyage.

Table C-6 Total Chartered Ship’s Crew Exposure for Marine Transport of Foreign
Research Reactor Spent Nuclear Fuel Casks
ased on Regulatory Dose Limits and Assuming No Intermediate Port Stops)

Mate on Waich 43 303 39
Bosun 238 1,668 21.7
Seaman (2) 70 492 12.8
Engineer 168 1,176 15.3

Total 754

a Exposure per year based on seven trips per year, eight casks per voyage (two casks per hold).

nine trips per year based on the average voyage length of all shipments and results in the ships’ crew being
exposed to the foreign research reactor spent nuclear fuel shipments for 189 days a year. Since travel time
to a port of loading would be required, and most ship crews are rotated on a three or six month basis, the
assumption of nine trips should bound the dose for any individual members of dedicated crews, even when
trips are shorter than the assumed average of 21 days. The annual dose of approximately 600 mrem
exceeds the 100 mrem annual limit for a member of the general public, and would therefore require
mitigation. See the end of this section for a discussion of mitigation.

Due to the larger number of casks on a chartered vessel, the largest annual dose to a crew member is
estimated to be approximately 1,668 mrem (approximately 1.7 rem). This is based on an estimated
exposure of 238 mrem per voyage and seven voyages per year. Seven voyages per year using a chartered
vessel is sufficient to ship all transportation casks to be shipped in an average year. It has been assumed
that the 721 shipments would be made over a 13-year period. The exposure total for the marine transport
portion of the program can be expressed as the number of LCFs that are calculated to result from doses
received during the policy period, if the basic implementation of Management Alternative 1 of the
proposed action were adopted. For a regularly scheduled commercial vessel, the exposure of
approximately 84.9 person-rem translates to 0.034 LCFs. The total exposure associated with the shipment

of the foreign research reactor spent nuclear fuel on a chartered vessel, approximately 76.4 person-rem,
translates into 0.031 LCFs.

Use of a chartered vessel results in a reduction of approximately ten percent in the total population
exposure and corresponding risk to the ships’ crews under the basic implementation of Management
Alternative 1. This difference is due to the shorter voyage duration when a chartered vessel is used. From
Tables C-2 through C-4, it is apparent that the largest doses to the ship’s crew are a result of the daily
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inspection of the cargo holds. The three day reduction in the voyage duration (gained when a chartered
vessel is used) reduces the dose received from the daily inspections and results in the ten percent
difference between the use of regularly scheduled commercial and chartered vessels.

Tables C-7 through C-11 present the resulis of the above analysis with one change. The exposure and
crew doses are calculated based on the “historical” external dose rate data developed from measurements
taken during earlier shipments of research reactor spent nuclear fuel (a dose rate of 2.25 mrem per hour at
1 m or 3.3 ft from the surface of the shipping cask, which is equivalent to 1 mrem per hour at 2 m or 6.6 ft
from the cask surface). See Appendix F, Section F.5 for the data used to derive this historical dose rate.
Although this “historical” data are based on distance from the surface of the cask, it has conservatively
been assumed in this analysis that this dose rate represents the dose at distances from the surface of the
container in which the cask is shipped. This set of calculations was performed in order to provide
additional perspective about the risks associated with the foreign research reactor spent nuclear fuel
program. Use of the exclusive-use regulatory limit for the external dose rate ensures that the estimates
discussed previously are upper bounds on the potential risks to the ship’s crew from incident-free transport
of the spent nuclear fuel. Use of the historical data provides an estimate that is closer to the expected risks
associated with the shipment of all of the foreign research reactor spent nuclear fuel. Although the exact
external dose rates cannot be determined in advance for all shipments, most should be similar to those for
shipments made in the past. Therefore, the “historical” external dose rates should be a more accurate
prediction of the risks resulting from the shipment of all 721 casks.

In this analysis, all other assumptions regarding voyage length, crew activity (time and distance from the
spent nuclear fuel cask), number of shipments, and the assumptions made to estimate annual doses
remained the same as in the analysis performed using the external dose rates derived from the
exclusive-use regulatory limit of 10 mrem per hour at 2 m (6.6 ft) from the surface of the shipping
container.

Using the historic dose rates, the maximum dose to an individual per regularly scheduled commercial
vessel shipment would be 6.6 mrem, and the annual maximum individual dose would be 60 mrem (this
dose is calculated assuming that the same crew member is involved in nine separate voyages transporting
two spent nuclear fuel casks each during a single year). These doses are an order of magnitude lower than
the corresponding doses calculated using the exclusive-use regulatory external dose rates. The calculated
maximum individual dose is well below the maximum allowable annual dose to a member of the public of
100 mrem.

Use of a chartered vessel for the shipments, versus the use of a regularly scheduled commercial vessel,
would result in a ten percent reduction in the total ships’ crews doses. The use of a chartered vessel would
result in annual exposure at slightly less than twice the public dose limits for exposure to radiation
established by both DOE and NRC (100 mrem per year).

The dose total for the marine transport portion of the entire program can be expressed as the number of
LCFs that are calculated to result from exposures of that size. For a regularly scheduled commercial
vessel a total exposure of approximately 8.5 person-rem translates to 0.0034 LCFs. The total calculated
exposure associated with the shipment of the foreign research reactor spent nuclear fuel on a chartered
vessel, approximately 7.6 person-rem, translates into 0.0030 LCFs.

The results of these analyses indicate that, in some circumstances, some individual crew members could
receive doses that exceed the limit established by DOE and the NRC for exposure of a member of the
public, especially when the dose rate from the casks are assumed to be at the regulatory limit. It is
anticipated that for most shipments, the external dose rate for the loaded transportation case would be near
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Table C-7 Ship Crew Exposure During Loading of a Hold Containing Two Foreign

Research Reactor Spent Nuclear Fuel Casks (Based on Historical Cask Dose Rates)

A

Chief Mate 5 - 5.5 0.35 60 0.0009
Mate on Watch 20 0.1 5 8 0.21 60 0.0005
Bosun 20 0.1 5 5.5 0.35 60 0.0009
Seaman (2) 20 0.1 5 5.5 0.35 60 0.0018

9 Distance is the average distance of the crew member from the spent ruclear fuel cask during the entire
duration of that activity.

b Exposure rate is calculated based on 2.25 mrem/hr at 1 m (3.3 fi) from the shipping container surface.

€ Includes the exposure from the first loaded cask for activities associated with securing the second cask. The
exposure rate for securing the second cask is 1.5 times the listed number,

Table C-8 Ship Crew Exposure Per Hold During At-Sea Inspections (Based on

Historical Cask Dose Rates)
Chief Mate 55 07 20 0.23
Bosun 5.5 0.7 20 0.23
Engineer 5.5 Q.7 20 0.23

9 Distance is the average distance of the crew member from the spent nuclear fuel cask during the entire
duration of that activity.

b Includes the effect of two casks in the hold

¢ Fora ship carrying two casks on a voyage duration of 21 days, the total dose to a crew member conducting
daily inspections would be estimated at 4.8 mrem,

Table C-9 Ship Crew Exposure During Offloading of a Hold Containing Two
Foreign Research Reactor Spent Nuclear Fuel Casks
{Based on Historical Cask Dose Rates)

Chief Mate 20 0.1 5 5.5 0.35 60 0.0009
Mate on Watch 20 0.1 5 8 0.21 60 0.0005
Bosun 20 0.1 5 5.5 0.35 60 0.0009
Seaman (2) 20 0.1 5 5.5 0.35 60 0.0018

? Distance is the average distance of the crew member from the spent nuclear fuel cask during the entire
duration of that activity.

b Exposure rate is calculated based on 2.25 mrem/hr at 1 m (3.3 fi) from the shipping container surface.

€ Includes the exposure from the last off loaded cask during activities associated with the first off loaded cask.
The exposure rate for securing the first cask is 1.5 times the listed rate.
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Table C-10 Total Regularly Scheduled Commercial Ships Crew Exposure for
Marine Transport of Foreign Research Reactor Spent Nuclear Fuel Casks
Assuming Intermediate Port Stops (Based on Historical Cask Dose Rates)

Chief Mate 6.6 60 25
Mate on Watch 1.1 i0 ¢4
Bosun 6.6 ) 60 2.5
Seaman (2) 1.8 16 1.3
Engineer 49 44 1.8

Total 8.5

@ Exposure per year based on nine trips per year.

Table C-11 Total Chartered Ships Crew Exposure for Marine Transport of Foreign
Research Reactor Spent Fuel Casks Assuming No Intermediate Port Stops
(Based on Historical Cask Dose Rates)

Chief Mate 24 167 2.2
Mate on Watch 4.3 30 04
Bosun 24 167 2.2
Seaman (2) 7.0 49 13
Engineer 17 118 1.5

Totat 7.6

“ Exposure per year based on seven trips per year.

the historic dose rates, which would not cause any personnel to exceed radiation exposure limits for the
public. However, the existence of some shipments with external dose rates closer to the exclusive-use
regulatory limit suggests that DOE should provide a means to assure that individual crew members do not
receive doses in excess of the public dose limits. As a minimum, the program should establish
administrative procedures that will maintain records of the dose rates associated with each shipment and
the ports of departure and entry for the shipment. The measurement of interest for the record keeping
would be the external dose rates outside the container, which houses the transportation cask, since the crew
does not enter the container. (It should be noted that the analysis using the historical data did not consider
the reduction in external dose rate due to the distance from the cask to the container surrounding the
transportation cask.) These measurements can be used to identify shipments that would result in crew
exposures above those calculated based on the historical spent nuclear fuel transportation external dose
rate. By tracking this information, DOE would be able to identify if and when additional precautions to
reduce individual exposures should be taken (i.e., restricting the use of crew members who are near the
annual dose limit from further shipments that year). DOE would also include a clause in the contract for
shipment of the foreign rescarch reactor spent nuclear fuel requiring other crew members be used if any
crew member approaches a 100 mrem dose in any year.

C.4.2 Incident-Free Marine Impacts of Policy Alternatives

Two implementation subalternatives to Management Alternative 1 and one subalternative under
Management Alternative 2 of the proposed action were identified that could impact the incident-free
marine risk calculations that were performed for the basic implementation (Chapter 2 describes the
alternatives and subalternatives of Management Alternative 1 and the subalternatives of Management

C-19



APPENDIX C

Alternative 2). The implementation subalternative of accepting spent nuclear fuel only from developing
countries would result in a reduction in the amount of spent nuclear fuel transported by ship. Table C-12
lists the countries that are considered developing countries and the number of shipments that would be
required to transport their spent nuclear fuel to the United States.

Table C-12 Voyage Data for Acceptance of Foreign Research Reactor Spent
Nucl

b uniber of Trips
Argentina 9 5
Bangladesh 31.0 3 2
Brazil 20.8 8 4
Chile 16.3 2 1
Colombia 11.1 1 1
Greece 22.0 8 4
Indonesia 30.3 14 7
Iran 36.6 1 1
Jamaica 10.2 1 1
Korea (South) 25.3 18 9
Malaysia 28.9 3 2
Mexico 1.6 6 3
Pakistan 34.4 3 2
Peru 13.0 1 1
Philippines 28.1 6 3
Portugal 18.3 3 2
Romania 2318 48 24
Slovenia 20.9 13 7
South Africa 26.0 2 1
Thailand 331 5 3
Turkey 229 4 2
Uruguay 20.9 i 1
Venezuela 1.1 4 2
Zaire 23.6 4 2
Totals 168 90
Average 23

| Under the implementation subalternative of using a policy duration of five years for the acceptance of
foreign research reactor spent nuclear fuel, the number of transportation casks of foreign research reactor
spent nuclear fuel requiring ocean transport would be reduced to 586. Appendix B presents the derivation
of the total number of shipments (ocean transport plus land transport from Canada) estimated in this
alternative.

Subalternative 1b (overseas reprocessing) under Management Alternative 2 also has the capability to
impact the results of the incident-free marine risk analysis since it involves shipment of the vitrified waste
to a storage facility in the United States. Under this subalternative to Management Alternative 2, eight
transportation cask shipments of vitrified waste would be made to the United States.

In addition, a Hybrid Alternative was analyzed. In the Hybrid Alternative, those countries (for this option,
assumed to be Belgium, France, Germany, Italy, Spain, Switzerland, and the United Kingdom) that have
the capability to store high-level waste would be encouraged to reprocess the aluminum-based research
reactor spent nuclear fuel and to accept for management the resulting high-level waste. The United States
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would accept for management the research reactor spent nuclear fuel from those countries deemed not to
have the high-level waste storage capability, and all TRIGA fuel. This Hybrid Alternative includes all
countries identified in Table C-1 except for those seven nations just listed. Under this Hybrid Alternative,
452 shipments of spent nuclear fuel are assumed to be sent to the United States, excluding shipments of
Canadian origin.

The incident-iree marine risks associated with the two implementation subalternatives of Management
Alternative 1 and the subalternative of Management Alternative 2 are discussed in the following sections.

Management Alternative 1, Implementation Subalternative la — Acceptance of Foreign Research Reactor
Spent Nuclear Fuel Only from Developing Countries. This implementation subalternative of Management
Alternative 1 would result in the shipment of 168 casks of foreign research reactor spent nuclear fuel. The
assumptions used in the analysis of the incident-free marine impact of the basic implementation of
Management Alternative 1 have been used in the analysis of this implementation subalternative. This
implementation subalternative has been analyzed using the “exclusive-use” shipment regulatory
transportation cask external dose rates. To compare this implementation subaltcrnative to the basic
implementation, it is only necessary to perform the analysis using one estimate of the external dose rate of
the transportation cask. The relationship between the calculated impact of the two implementation
subalternatives using the regulatory external dose rate would be the same as that calculated using the
“historical” data. Therefore, the use of the one dose rate provides a sufficient point of comparison
between the two alternatives.

The assumptions that have not changed between the analysis for the basic implementation and this
implementation subalternative include the following:

« The same types of vessels should be available for use, so, the option for using chartered or
regularly scheduled commercial vessels was examined, and

+ The activities associated with the loading of the foreign research reactor spent nuclear fuel,
the daily inspections of the cargo during the voyage, and the offloading of the foreign
research reactor spent nuclear fuel do not change simply because there is a reduction in the
number of shipments to be made.

The average duration of the voyages from these developing countries to the United States is slightly longer
than the average for the voyages associated with the basic implementation. As shown in Table C-12, the
average duration is 23 days (for a regularly scheduled commercial vessel) versus the 21 days in the basic
implementation. For a chartered vessel, the voyage duration is three days less (i.e., 20 days). The longer
average voyage duration results in an increase in the total of the daily inspection-related crew doses of
approximately 4.6 mrem per crew member involved in the inspection. The inspection dose for a 23-day
voyage would be 52.9 mrem (2.3 mrem times 23 days) per inspector.

The population dose to the ship’s crew, per voyage, can be derived from the data contained in Tables C-5
and C-6. Incorporating the increase in the inspection dose into the data from Table C-5, the individual
doses on a regularly scheduled commercial vessel would be 71 mrem to the Chief Mate and the Bosun,
11 mrem to the Mate on Watch, 18 mrem to each of two Seamen, and 54 mrem to the Engineer. The
population (ship’s crew) dose per shipment would be 242 mrem. If a chartered vessel is used (carrying
eight fransportation casks instead of two for the regularly scheduled commercial vessel), the corresponding
doses are 257 mrem to the Chief Mate and the Bosun, 43 mrem to the Mate on Watch, 70 mrem to each of
two Seamen, and 187 mrem to the Engineer. The population (ship’s crew) dose per shipment would be
885 mrem.
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The 168 cask-shipments, requiring 90 ocean voyages using regularly scheduled commercial cargo vessels
(up o 23 voyages using chartered vessels), represent approximately 24 percent of the total number of
shipments in the basic implementation. The total population (ship’s crew) exposure resulting from this
implementation subalternative would be approximately 27 percent of the exposure calculated for the basic
implementation. The difference in these two percentages is a direct result of the longer average duration
of ocean crossings. The total population exposure for the implementation subalternative, assuming that
regularly scheduled commercial vessels are used, would be approximately 22.0 person-rem, and would be
approximately 20.3 person-rem if chartered vessels are used. These population exposures translate into a
risk to the ship’s crew of 0.0091 LCF and 0.0081 LCF, respectively. As discussed in Section 4.1, the
relationship between a dose and LCFs for workers (ship’s crew) is that a 1 rem dose equates to
0.0004 LCFs.

Management Alternative 1, Implementation Subalternative 2a — Acceptance of Foreign Research Reactor
Spent Nuclear Fuel for Five-Year Policy Duration: As stated above, this implementation subalternative
results in the shipment of 586 casks of foreign research reactor spent nuclear fuel. The assumptions used
in the analysis of the incident-free marine impact of the basic implementation have been used in the
analysis of this implementation subalternative. This implementation subalternative has been analyzed
using the “exclusive-use” shipment regulatory transportation cask external dose rates. To compare this
implementation subalternative to the basic implementation it is only necessary to perform the analysis
using one external dose rate. The relationship between the calculated impact of the implementation
subalternative and the basic implementation using the regulatory external dose rate would be the same as
that calculated using the “historical” data. Therefore, the use of the one dose rate provides a sufficient
point of comparison.

The assumptions that have not changed between the analysis for the basic implementation and this
implementation subalternative include the following:

o The same types of vessels should be available for use, and the option for using chartered or
regularly scheduled commercial vessels was examined;

e The average voyage duration that was used in the analysis of the incident-free marine risk
for the basic implementation was used for this implementation subalternative. The
586 shipments represent approximately 81 percent of the shipments made under the basic
implementation and the distribution of shipments from the different countries of origin is
similar to that modeled for the basic implementation; and

» The activities associated with the loading of the foreign research reactor spent nuclear fuel
transportation casks, the daily inspections of the cargo during the voyage, and the
offloading of the foreign research reactor spent nuclear fuel transportation casks do not
change simply because there is a reduction in the number of shipments to be made.

Because there are no differences between the per-shipment activities in this implementation subalternative
and the basic implementation, the per-voyage crew exposures will not differ from those presented in
Tables C-5 and C-6 for the basic implementation. In addition, the maximum annual exposures to
individual crew members will not change. The analysis has assumed a maximum number of voyages that
a single crew would be involved in during a single year. Although the total number of shipments per year
must increase in this alternative {(an average of 73 casks must be shipped per year for eight years), no
single ship’s crew will be involved in more shipments than had been assumed in the analysis of the basic
implementation. The annual doses presented in Tables C-5 and C-6 are applicable to this alternative as
well as to the basic implementation.
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The total population (ship’s crew) exposure resulting from this implementation subalternative would be
approximately 81 percent of exposure calculated for the basic implementation. The total population
exposure for the implementation subalternative, assuming that regularly scheduled commercial vessels are
used, would be approximately 69 person-rem, and would be approximately 61 person-rem if chartered
vessels were to be used. These population exposures translate into a risk to the ships’ crew of 0.028 LCF
and 0.025 LCF, respectively. As discussed in Section 4.1, the relationship between a dose and LCFs for
workers (ship’s crew) is that a 1 rem dose equates to 0.0004 LCF.

Management Alternative 2, Subalternative 1b — Overseas Processing with Shipment of Waste to a U.S.
Storage Facility: In this subalternative, the foreign research reactor spent nuclear fuel would be
reprocessed overseas (most probably in Great Britain or France) and the waste products would be
contained within a small number of vitrified waste logs. This high-level waste might be brought to the
United States for storage at one of the management site facilities evaluated under the basic implementation
of Management Alternative 1. Under these conditions, up to eight transportation casks containing
16 European-size canisters of vitrified waste would be shipped from Europe to the United States (see
Section 4.4.2.2 for more information on the vitrification of the waste material). This analysis addresses the
incident-free marine risks associated with transporting these eight casks of vitrified waste from Europe to
the United States.

As with the shipment of unprocessed spent nuclear fuel, the primary impact of incident-free marine
shipping of the vitrified waste is upon the crews of the ships used to carry the casks. Most of the
assumptions used in the analysis of the crew exposure to the spent nuclear fuel (see Section C.4.1 of this
appendix) have been used to analyze the impact of the shipment of vitrified waste. The crew exposure due
to loading and offloading activities have been considered, but the primary contribution to the crew dose
comes from the daily cargo inspection activitics. The inspection activities on the ship carrying the vitrified
waste have been modeled in the same manner as the inspections aboard the vessels carrying the spent
nuclear fuel. Three crew members have been modeled as performing the inspections, and the same three
crew members are assumed to perform this task for the entire voyage. For the purposes of this analysis, it
has been assumed that the vitrified waste will be transported on a chartered vessel, there will be no
intermediate port calls, and the shipment will originate in Europe. Because there are no intermediate port
calls and the shipments originate in Europe, the voyage duration is estimated to be 15 days. This estimate
is based on the average of the voyage durations for one trip from the United Kingdom to the East Coast of
the United States, one to the West Coast of the United States, and the average of a trip from France to both
1.5, coasts. The assumption that there are no intermediate port calls reduces the average duration of each
of these trips by three days from the estimates presented in Table C-1.

Little information is available on the casks that might be used to transport the vitrified waste. Therefore,
the assumption has been made that the exposure to the crew will be limited to the exclusive-use regulatory
limit (10 CFR 71) of 10 mrem per hour at 2 m (6.6 ft) from the surface of the container. No attempt was
made to extrapolate limited historical data to determine crew incident-free impacts from any other
exposure rate other than the limit set forth in NRC and DOE regulations.

It has been assumed that two casks are being transported as part of a single shipment. This assumption
results in additional exposure to the crew members due to exposure to two radiation fields during all
activities which bring crew members into the vicinity of the transportation casks. Should all of the casks
be shipped at once, this assumption is equivalent to assuming that this single shipment is made with two
casks per hold on the vessel. The crew risk would be the same for this single (eight cask) shipment as for
the four shipments with two casks per vessel.
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Based on the assumptions outlined above, the incident-free impact of the shipment of vitrified waste on the
ship’s crew would be slightly less per shipment than that calculated for the shipment of foreign research
reactor spent nuclear fuel. The trip duration of only 15 days, versus the average duration of 18 days, for a
chartered vessel in the basic implementation of Management Alternative 1 results in a reduction of the
dose to each inspector, the Chief Mate, the Bosun, and the Engineer, of approximately 6.9 mrem per
journey (three fewer inspections, each of which would have resulted in a dose of 2.3 mrem). The
population dose to the ship’s crew, per voyage, can be derived from the data contained in Table C-6.
Incorporating the reduction in the inspection dose into the data from this table, the individual doses would
be: 210 mrem to the Chief Mate and the Bosun, 43 mrem to the Mate on Watch, 70 mrem to each of two
Seamen, and 140 mrem to the ships Engineer. Per voyage, the total population dose to the ship’s crew
would be 0.74 person-rem.

With only eight casks to be shipped, the subalternative action could be achieved with a single shipment
{(the crew dose would be the same as that calculated if four shipments of two casks each were made). The
population exposure results in a risk to the crew of 0.00030 LCF. Due to the reduced number of
shipments, compared to the 721 shipments of spent nuclear fuel in the basic implementation of
Management Alternative 1, the marine incident-free risk to the crew is approximately two orders of
magnitude lower than that calculated for the basic implementation.

Management Alternative 3 — Combination of Components of Management Alternative I and 2 (Hybrid
Alternative); Under the Hybrid Alternative, the United States would accept foreign research reactor spent
nuclear fuel from countries without high-level waste storage capability. This Hybrid Alternative could
result in the shipment of 452 casks of foreign research reactor spent nuclear fuel. The assumptions used in
the analysis of the incident-free marine impact for the basic implementation of Management Alternative 1
have been used in the analysis of this Hybrid Alternative. This alternative has been analyzed using the
selected ““exclusive-use” regulatory dose limit for the shipment of spent nuclear fuel casks.

Included in the assumptions that have not changed between the analysis for the basic implementation and
this alternative are the following;

» The same types of vessels should be available for use under this Hybrid Alternative, the
option for using chartered or regularly scheduled commercial vessels was examined, and

» The activities associated with the loading of the foreign research reactor spent nuclear fuel,
the daily inspection of the cargo during the voyage, and the offloading of the foreign
research reactor spent nuclear fuel do not change simply because there is a reduction in the
number of shipments to be made.

The average duration of the voyages from the countries without high-level waste storage capability to the
United States is slightly longer than the average for the voyages associated with the basic implementation.
Using the data in Table C-12, and eliminating the aluminum-based spent fuel shipments from Belgium,
France, Germany, Italy, Spain, Switzerland, and the United Kingdom, the average voyage duration is
almost 23 days (for a regularly scheduled commercial vessel) versus the 21 days for the basic
implementation. For a chartered vessel, the voyage duration is three days less (i.e., almost 20 days). The
longer average voyage duration results in an increase in the total of the daily inspection-related crew doses
of approximately 4.6 mrem per crew member involved in the inspection. The inspection dose for a 23-day
voyage would be 52.9 mrem (2.3 mrem times 23 days) per inspector.
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The population dose to the ship’s crew, per voyage, can be derived from the data contained in Tables C-5
and C-6. Incorporating the increase in the inspection dose into the data from Table C-5, the individual
doses on a regularly scheduled commercial vessel would be 71 mrem to the Chief Mate and the Bosun,
11 mrem to the Mate on Watch, 18 mrem to each of two Seamen, and 54 mrem to the ship’s Engineer.
The population (ship’s crew) dose per shipment would be 243 mrem. If a chartered vessel is used
(carrying eight transportation casks instead of two for the regularly scheduled commercial vessel), the
corresponding doses are 257 mrem to the Chief Mate and the Bosun, 43 mrem to the Mate on Watch,
70 mrem to each of two Seamen, and 187 mrem to the ship’s Engincer. The population (ship’s crew) dose
per shipment would be 884 mrem.

The 452 cask shipments, requiring 236 ocean voyages using commercial regularly scheduled commercial
cargo vessels, represent approximately 63 percent of the total number of shipments for the basic
implementation. The total population (ships’ crew) exposure resulting from this Hybrid Alternative would
be approximately 69 percent of the exposure calculated for the basic implementation. The differences in
these two percentages is a direct result of the longer average duration of ocean crossings. The total
population exposure for the Hybrid Alternative, assuming that regularly scheduled commercial vessels are
used, would be approximately 57.2 rem and would be approximately 52.2 rem if chartered vessels were
used. These population exposures translate into a risk to the ships’ crew, in terms of LCFs, of 0.024 LCF
and 0.021 LCF, respectively. As discussed in Section 4.1, the relationship between a dose and LCFs is
that a 1 rem dose equates to 0.0004 LCFs.

C.5 Accident Impacts: Methods and Results

C.5.1 Introduction

If the cask sinks anywhere in U.S. coastal waters, it will be recovered, regardless of depth. U.S. coastal
waters in this case refers to waters within the 12-mile territorial limit. Recovery would be accomplished,
even in the deepest parts of U.S. coastal waters, such as in Puget Sound, which reaches 305 meters or
1,000 feet (Encyclopedia Americana, 1991). Elsewhere in the world, if the cask sinks in coastal water
(i.e., in water up to 200 m or 660 ft), every effort would be made to recover it. In deeper waters, the
recovery is more problematic. As recovery, even in coastal waters, cannot be guaranteed, two scenarios
need to be evaluated:

Scenario A: As the result of a maritime casualty (e.g., collision, foundering, fire), the vessel
sinks in coastal waters, resulting in the submersion of the cask on the ocean floor. The cask is
not retricved. Analyses arc done for two cases, (1) damaged cask, and (2) undamaged cask.

Scenario B: As the result of a maritime casualty (e.g., collision, foundering, fire), the vessel
sinks in deep ocean waters, resulting in the submersion of the cask on the ocean floor. The cask
is not retrieved. Analyses are done for one case only, a damaged cask, as it has been assumed
that submersion in the deep ocean will damage the cask.

In 1988, the Nuclear Energy Agency of the Organization for Economic Cooperation and Development
published a radiological assessment as part of a feasibility study for disposal of high-level radioactive
waste into the seabed (NEA, 1988). As part of the radiological assessment, several accident scenarios
were examined. In particular, a scenario involving a transportation accident at sea was examined. The
results of calculations performed for the Nuclear Energy Agency radiological assessment are used here,
with modification. The Nuclear Encrgy Agency results are based on vitrified high-level waste, which
behaves differently in salt water than the metal foreign research reactor spent nuclear fuel. Also, the
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inventory of radioactive material in the foreign research reactor spent nuclear fuel is considerably different
than the vitrified high-level waste inventory., With modifications to compensate for these differences, the
Nuclear Energy Agency results were used to predict the peak individual dose and biota dose for
Scenario A and Scenario B.

C.5.2 Assumptions

1. The spent nuclear fuel and cask modeled are the BR-2 fuel and the Pegase cask. Based on
the information provided in Appendix B, the loaded Pegase cask contains 0.0155 metric tons
of heavy metal (MTHM) (15.5 kg) of fuel (assuming the cask is loaded with BR-2 type
fuel). This fuel type was selected because BR-2 fuel has the highest isotope content per unit
mass of heavy metal of the three fuel types considered in this analysis. Use of the highest
inventory of radionuclides establishes a conservative upper bound on the estimated dose
rates from the leaching of radionuclides into the sea. This is because the dose rates are a
function of the corrosion rate of spent nuclear fuel, expressed in terms of mass per unit of
time, and the specific activity of the spent nuclear fuel, expressed in terms of radioactivity
per unit of mass.

2. 'The fuel rods contain aluminum-clad metallic spent nuclear fuel elements.
3. The deep ocean model is for the South Nares Abyssal Plain.

4. Corrosion of spent nuclear fuel inside a damaged cask begins immediately; corrosion of
spent nuclear fuel inside an undamaged cask begins at the time the cask fails and allows
seawater t0 come in contact with the spent nuclear fuel.

5. Once free of the fuel matrix through corrosion, the fission products exit the failed cask
without delay.

6. The corrosion rate for spent nuclear fuel elements is constant. Radionuclides are leached
from the spent nuclear fuel elements at a rate proportional to the corrosion rate depending on
their relative concentrations.

Data from the Nuclear Energy Agency vitrified high-level waste model and on spent nuclear fuel corrosion
rates are summarized in Table C-13.

Table C-13 Data For Estimating Spent Nuclear Fuel Dose Rates From the Nuclear
Energy Agency Assessments for Vitrified High-Level Waste

Farameter g OUFCE:
Corrosion Rate for Glass (o) 0.000036 kg/m” day NEA 1988
Corrosion Rate for Aluminum-Clad Fuel (x1) 0.0086 l{glm2 day Rechard 1994
Sensitivity Coefficient for Corrosion Rate (a) 0.99 NEA 1988
Undamaged Cask Peak Individual Dose 9 remfyr NEA 1988
Damaged Cask Peak Individual Dose 650 rem/yr NEA 1988
Undamaged Cask Peak Biota Dose (Fish) 3.6 rad/vr NEA 1988
Undamaged Cask Peak Biota Dose (Crustaceans) 3.8 rad/yr NEA 1988
Undamaged Cask Peak Biota Dose (Mollusks) 10.0 rad/yr NEA 1988
Damaged Cask Peak Biota Dose (Fish) 29.0 rad/vr NEA 1988
Damaged Cask Peak Biota Dose (Crustaceans) 31 rad/yr NEA 1988
Damaged Cask Peak Biota Dose (Mollusks) 660 rad/yr NEA 1988

? Dose rates are based on a total Nuclear Energy Agency program mass of 100,000 MTHM
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C.5.3 Calculational Method For Dose Rate Estimates

The calculations presented here are designed to account for two differences between the Nuclear Energy
Agency radiological assessment and the radiological assessment required for this EIS. First, in the
radiological assessment performed for the Nuclear Energy Agency, a vitrified glass waste form was
assumed. For this EIS, aluminum-clad metal matrix fuel elements are assumed. Thus, the corrosion rate
of the matrix containing the radionuclides will be different in the two cases. Second, the radiological
assessment for the Nuclear Energy Agency was performed assuming reprocessed fuel equivalent to
100,000 MTHM containing a total of 10 billion curies, for a specific activity of 100,000 Ci per MTHM.
For this EIS, it is assumed that one Pegase cask contains (.0155 MTHM (15.5 kg) of spent nuclear fuel
and 930,000 Ci, for a specific activity of 60 million Ci per MTHM. Table C-14 contains a detailed list of
the inventory of radionuclides for both the Nuclear Energy Agency vitrified high-level waste and the
foreign research reactor spent nuclear fuel. The specific activity for the vitrified high-level waste is
significantly lower than that of the foreign research reactor spent nuclear fuel because the Nuclear Energy
Agency study uses data assuming a 10{)-year decay time for the waste, while the foreign research reactor
spent nuclear fuel is assumed to only have been out of the reactor less than a year. The Nuclear Energy
Agency study used 100-year decay time because in their study the spent nuclear fuel was not vitrified until
it was 50 years out of the reactor, and it was assumed to take 50 years for their cask to fail once it was in
the ocean.

The dose estimates from the Nuclear Energy Agency analysis are scaled for this EIS to reflect (1) the fact
that spent nuclear fuel corrodes faster than vitrified glass, (2) there is significantly less mass of heavy
metal in a spent nuclear fuel cask than was used in the Nuclear Energy Agency dose risk models, and
(3) the specific activity of the foreign research reactor spent nuclear fuel is higher than the specific activity
of the Nuclear Energy Agency vitrified high-level waste.

To account for differences in the waste matrix corrosion rate, the sensitivity of the calculated dose to the
corrosion rate was used. In its radiological assessment, the Nuclear Energy Agency published sensitivity
studies. For the accident analyses, an adjoin method was used to determine the sensitivity of the peak
individual dose and the collective dose to key parameters in their performance assessment model,
including the waste matrix corrosion rate.

The adjoin method employs a mathematical algorithm for calculating directly in one mun the sensitivity of
a performance assessment model to the model parameters. It gives as output the first derivative of the
response of the performance assessment model (here, peak individual dose and collective dose) with
respect to each of the model parameters (in particular, comrosion rate). Explicitly, the sensitivity
coefficient is defined as:

a _aD/D
do/ar

where a is the sensitivity coefficient, D is the dose (peak or cumulative), and o is a given parameter (leach
rate). This expression can be used to determine the change in the dose for a change in the parameter value
by integrating as follows in equation 2.
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Table C-14 Comparison of Ragdionuclide Inventories for Nuclear Energy Agency
High-Level Waste Sub-Seabed Disposal Studies and BR-2 Foreign Research

Reactor Spent Nuclear Fuel

Hydrogen-3 0.0 86.4 Cerium-141 0.0 5,700
Selenium-79 33,000 0.0 Cerium-144 0.0 310,000
Krypton-83 0.0 2,500 Promethium-147 11,000 48,000
Strontium-89 0.0 41,000 Promethium-148m 0.0 75.6
Strontinm-90 2,000,000,000 21,000 Samarium-151 27,000,000 0.0
Yitrinm-90 2,000,000,000 0.0 Europium-154 8,600,000 620
Yitrium-91 0.0 73,000 Europium-155 480,000 130
Niobium-95 0.0 220,000 Uranium-233 178 0.0
Zirconium-93 180,000 0.0 Uranium-234 300 0.0091
Zirconium-95 0.0 110,000 Uranium-235 0.0 0.014
Technicium-99 1,400,000 0.0 Uranium-236 47 00
Ruthenium-103 0.0 8,900 Uranium-238 0.0 0.00034
Ruthenium-106 0.0 22,000 Neptunium-237 32,000 0.0
Palladinm-107 10,000 0.0 Plutonium-238 0.0 64.2
Tin-123 0.0 430 Plutonium-239 120,000 1.8
Tin-126 58,000 0.0 Plutonium-240 620,000 1.2
Antimony-125 990 890 Plutoninm-241 3,500,000 280
Antimony-126m 58,000 0.0 Plutonium-242 600 0.0
Tellurium-125m 0.0 210 Americium-241 6,900,000 0.4
Tellurium-127m 0.0 890 Americium-242m 0.0 0.0011
Tellurium-129m 0.0 200 Americium-243 2,000,000 0.0043
Iodine-129 3.0 0.0 Curium-242 0.0 1.8
Cesium-134 108 16,000 Curivm-244 0.0 1.3
Cesium-135 150,000 0.0 Curium-245 21,000 0.0
Cesium-137 3,000,000,000 21,000 Curium-246 5,500 0.0
Barinm-137m 2,900,000,000 0.0

Total [16,000,000,000 930,000

® Nuclear Energy Agency vitrified high-level waste radionuclide inventories are based on 100,000 MTHM
that represent spent nuclear fuel radionuclide inventories for 100 years out of reactor. The Nuclear Energy
Agency analysis based its dose rate estimate calculations on vitrified high-level waste that was produced
Jfrom commercial light water reactor spent nuclear fuel at 50 years owt of reactor, then the Nuclear Energy
Agency analysis models the release of the vitrified high-level waste inventory into the ocean only afier an

additional 50 years of submersion.

b Foreign research reactor spent nuclear fuel radionuclide inventories are based on a Pegase cask filled with
36 elements of BR-2 spemt nuclear fuel, 300 days out of reactor.
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In (D1/Dgy=a In (01/0g) (3

Using the data provided in Table C-13,
In (D1/Dg)=0.991n (8.6x107°/3.6x107) (4
D1=221Dg : (5)

Where I is the dose by foreign research reactor spent nuclear fuel, adjusted only for the differ-
ence in leach rate, and Dy is the Nuclear Energy Agency dose.

Since the derivative in Equation (1) is evaluated at a particular value of each model parameter, it is by
definition the sensitivity coefficient of the dose to small variations in each parameter around their assigned
value. As a result, the calculation of dose using the sensitivity coefficient is valid only when changes in
the leach rate remain “sufficiently small” compared to the leach rate. However, the Nuclear Energy
Agency assessment states that many of the models in their assessment are linear, and it is possible to
estimate changes in the dose even for large variations in the leach rate.

To account for differences in the waste inventory, the dose was scaled linearly according to the ratio of the
specific activity of the BR-2 spent nuclear fuel to the specific activity of the vitrified high-level waste as
shown in Equation (6).

BEIs _ py Q0155 6.0B+07

b=p = = 9.3E-05 D 6
"By ' TOE+05 1.0B+05 1 (6)

Finally,

D = 0021 Do )]

C.5.4 Results

Dose rates were calculated in the Nuclear Energy Agency study for two types of ocean environments,
coastal waters and deep ocean floors. The results of scaling the Nuclear Energy Agency dose rate
estimates for the scenario of losing a cask of foreign research reactor spent nuclear fuel in coastal waters
are shown in Table C-15, with the comparable Nuclear Energy Agency results. In Table C-16, the results
of losing a cask containing foreign research reactor spent nuclear fuel in deep ocean waters are shown.
Table C-15 presents results for both an undamaged and a damaged cask, however Table C-16 provides the
estimated dose for a damaged cask only because it is assumed that the pressure from the deep ocean will
damage the cask seals.

The doses associated with the foreign research reactor spent nuclear fuel in Table C-16 are, in the case of
the mollusks, very high. However, to properly interpret this result, several factors must be considered.
First, the calculation that produced these results is very conservative for two reasons. The radioactive
material, once corroded, was assumed to immediately be released into the open ocean water. 1n fact, the
cask is expected to provide a significant “hold-up” time. This is because only the seal is expected to fail,
which means that, due to the small area of the seal, only a very limited amount of water movement through
the cask will be experienced. Over time, this small flow would carry out all of the soluble fission
products, but insoluble precipitates would remain in the cask. Also, no account was taken for the
possibility that the cask would likely become buried in silt, greatly slowing the fission product’s entry into
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Table C-15 Coastal Waters Dose Rate Estimates for 100,000 MTHM Vitrified
High-Level Waste and a Pegase Cask Loaded With BR-2 Foreign Research Reactor

Spent Nuclear Fuel
Undamaged Cask Peak Individual Dose 9.0 rem/yr 0.19 rem/yr
Damaged Cask Peak Individual Dose 650 rem/yr 14 rem/yr
Undamaged Cask Peak Biota Dose (Fish) 3.6 rad/yr 0.077 rad/yr
Undamaged Cask Peak Biota Dose (Crustaceans) " 3.8radfyr 0.081 rad/vr
Undamaged Cask Peak Biota Dose (Mollusks) 10 rad/yr 0.21 rad/yr
Damaged Cask Peak Biota Dose (Fish) 29 radfyr 0.62 rad/yr
Damaged Cask Peak Biota Dose (Crustaceans) 31 radfyr 0.66 rad/yr
Damaged Cask Peak Biota Dose (Mollusks) 660 rad/yr 14 rad/yr

Table C-16 Deep Ocean Dose Rate Estimates for 100,000 MTHM Vitrified
High-Level Waste and a Pegase Cask Loaded with BR-2 Foreign Research Reactor
Spent Nuclear Fuel

Daxe NEA (BR,
Damaged Cask Peak Individual Dose 0.00053 rem/ 0.114 rem/yr
Damaged Cask Peak Biota Dose (Fish) 30,000 rad/yr 640 rad/yr
Damaged Cask Peak Biota Dose (Crustaceans) 41,000 rad/yr 880 rad/yr
Damaged Cask Peak Biota Dose (Mollusks) 1,400,000 rad/yr 30,000 rad/yr

the open water. Also, no account was taken of the reduction in corrosion rate in the deep ocean due to
lower oxygen levels or the reduced temperatures. These factors indicate that if a rigorous calculation were
possible, the resultant dose would be lower, and likely significantly lower.

Once out of the cask, the fission products are unlikely to be transported very far in the very slow current
typical in the deep ocean. While this would concentrate the dose to those organisms in the area of the
cask, especially the mollusks, it also means that the population affected would be relatively small, since
only a small area would be contaminated.

Additionally, as explained in Chapter 3, the density of organisms in the deep ocean is around one percent
that in coastal waters. This further reduces the affected population of organisms.

The risks associated with the dose estimated for the mollusk are very low, due to the low frequency of the
cvent, as explained in the following section.

C.5.5 Risks Associated With Submersion of a Foreign Research Reactor Spent Nuclear Fuel Cask

Risks associated with submersion of foreign research reactor spent nuclear fuel casks were calculated for a
single cask, even though more than one cask may be carried on some voyages. The risk (consequences
multiplied by probability) is essentially independent of the number of casks carried per voyages. That is,
the risk associated with eight voyages of one cask each are essentially the same as one voyage carrying
eight casks.

The consequence estimates in Tables C-15 and C-16 are indicative of what could happen in the event that
a foreign research reactor spent nuclear fuel cask were to become submerged in coastal waters ot in the
deep ocean and is not recovered. By combining an estimate of the frequency at which such a situation is
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expected to occur with the consequence estimates, an estimate of the risk associated with ocean
transportation can be developed. The frequency of a cask becoming submerged is: the mathematical
product of the annual frequency of foreign research reactor spent nuclear fuel shipments, the probability
that a shipment is involved in an accident, the probability that a ship sinks (given that an accident occurs),
and the probability that a submerged cask is not recovered. Additionally, the frequency of a damaged cask
becoming submerged in coastal waters includes the probability that a cask is damaged given that an
accident occurs. The data for these events were taken from two sources, the Nuclear Energy Agency study
(NEA, 1988) and the Environmental Assessment of Urgent-Relief Acceptance of Foreign Research
Reactor Spent Nuclear Fuel (DOE, 1994). These data are summarized in Table C-17.

Table C-17 At Sea Risk Assessment Data

Shipment Accident Rate : 0.00032/Shipment (DOE, 1994) | 0.000046/Shipment (NEA, 1988)
Probability that Cask is Damaged, Given an Accident 0.002 (DOE, 1994)° 1.0°

Probability that a Ship Sinks Given an Accident 0.001 (Wheeler, 1994) 0.001 (Wheeler, 1994)
Probability that a Submerged Cask is not Recovered 0.0001 (NEA, 1988)‘J 0.05 (NEA, 1988)
Number of Shipments 721 721

Probability - Submerged Cask, Damaged, Unrecovered 46%1071 0.0000017
Probability - Submerged Cask, Undamaged, Unrecovered 2.3 %107 0.0c

® This value represents the conditional probability that the severity of an accident is greater than Category I,

as shown in Appendix E, Environmental Assessment of Urgent Relief Acceptance of Foreign Research
Reactor Spent Nuclear Fuel (DOE, 1994).

b Derivation of this probability is based in a fault tree analysis using data from the Nuclear Energy Agency
analysis.

€ The cask is assumed to fail at deep ocean depths.

The risk estimate results for the basic implementation of Management Alternative 1 are shown in
Table C-18. The risk for a peak dose to an individual is 6.4 x 10”7 mrem per year for a damaged cask in
coastal water and 0.0000(43 mrem per year for an undamaged cask. Risk associated with a submerged,
unrecovered cask in the deep ocean is 0.00019 mrem per year for a damaged cask.

Table C-18 Radiological Risk Estimates for At Sea Accidents

Coastal Dose Rate Risk Estimates
Peak Individnal Dose 64x10" mrem/yr 0.0000043 mrem/yr
Peak Biota Dose (Fish) 28x10° mradiyr 0.0000018 mrad/yr
Peak Biota Dose (Crustaceans) 3.0x 107 mrad/yr 0.0000019 mrad/yr
Peak Biota Dose (Mollusks) 6.4% 107 mradive 0.0000048 mrad/yr

Deep Ocean Risk Estimates
Peak Individual Dose 0.00019 mrem/yr | Cask is assumed to fail at deep ocean depths
Peak Biota Dose (Fish) 1.1 mrad/yr |Cask is assumed to fail at deep ocean depths
Peak Bicta Dose (Crustaceans) 1.4 mrad/yr |Cask is assumed to fail at deep ocean depths
Peak Biota Dose (Mollusks) 49 mrad/yr |Cask is assumed to fail at deep ocean depths

C.5.6 Marine Accident Impacts of Policy Alternatives

In Section C4.2, two implementation subalternatives to Management Alternative 1 and one
implementation subalternative to Management Alternative 2 of the proposed action that could impact the
risk calculations were identified: accepting spent nuclear fuel from developing countries only, a 5-year
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acceptance program, and overseas reprocessing of the foreign research reactor spent nuclear fuel.
Implementation of any of these has the potential to impact the marine accident risks calculated for the
basic implementation of Management Alternative 1 calculated above.

For the implementation subalternatives involving the shipment of different quantities of foreign research
reactor spent nuclear fuel, the consequences of an accident are the same for the implementation
subalternatives as they are for the basic implementation. In these subalternatives, the same type of spent
nuclear fuel is being shipped in the same types of transportation casks and is subject to the same accidents
as for the basic implementation. These are the variables between subalternatives that could have affected
the consequences of a marine accident. Since none changed, the consequences do not change. Two of the
implementation subalternatives fall into this category: the developing countries implementation
subalternative and the five-year policy duration implementation subalternative. For these two alternatives,
the marine accident risks are directly proportional to the number of foreign research reactor spent nuclear
fuel shipments required to implement each implementation subaltemative. 1t is therefore possible to scale
the results presented in the previous section by the ratio of the number of cask shipments in
implementation subalternative to the number of cask shipments in the basic implementation.

Subalternative 1b to Management Alternative 2 requires the shipment of the foreign research reactor spent
nuclear fucl wastes in a different form than the basic implementation. With overseas reprocessing of the
foreign research reactor spent nuclear fuel, any material that would be returned to the United States would
be in the form of vitrified high-level waste. As discussed carlier in Section C.5, the high-level waste
behaves differently when exposed to seawater than does spent nuclear fuel. The vitrified waste dissolves
at a much slower rate than the foreign research reactor spent nuclear fuel. A second major difference is the
amount of radioactivity present in each of the shipping casks carrying vitrified waste and spent nuclear
fucl. As shown in Table C-14, the total curie content of a transportation cask carrying foreign research
reactor spent nuclear fuel is approximately a million curies. Each vitrified waste transportation cask could
contain approximately a hundred times this amount., The contents of 837 spent nuclear fuel transportation
casks (all forcign rescarch reactor spent nuclear fuel could be processed, including that from Canada,
which was not included in the marine risk analyses for the basic implementation) are expected to be
reduced to fit into eight transportation casks.

In addition, a Hybrid Alternative has been analyzed to assess the impact of encouraging overseas
reprocessing of the foreign research reactor spent nuclear fuel for those countries capable of storing the
resultant high-level waste. The United States would accept for management the research reactor spent fuel
from countries that are unable to accept and store the high-level waste resulting from fuel processing.
Under the Hybrid Alternative analyzed, Belgium, France, Germany, Italy, Spain, Switzerland, and the
United Kingdom are assumed to process their aluminum-based spent nuclear fuel and accept the high-level
waste. All other countries identified in Table C-1 would be allowed to ship spent nuclear fuel to the
United States. The resulting 452 shipments of spent nuclear fuel (excluding the overland transport of fuel
of Canadian origin) are the basis for the marine impact analysis for this Hybrid Alternative.

The marine accident risks associated with each of these management alternatives is presented in the
following paragraphs.

Management Alternative 1, Implementation Subalternative 1a — Acceptance of Foreign Research Reactor
Spent Nuclear Fuel Only from Developing Countries: This implementation subalternative would result in
the shipment of 168 transportation casks of foreign research reactor spent nuclear fuel. This is 23 percent
of the shipments required for the basic implementation. Using this relationship, the risks presented in
Table C-18 can be scaled to produce the following results. The maximally exposed individual (MEI)
would be exposed to a risk (in terms of a peak individual dose rate) of 0.000044 mrem per year as a result

C-32



MARINE TRANSPORT AND ASSOCIATED ENVIRONMENTAL IMPACTS

of an accident causing the loss of a cask in the deep ocean. The consequences of this accident do not
change; the peak individual dose remains at 0.114 rem per year. The loss of a damaged cask in coastal
waters results in the lowest risk to man, 1.5 x 107 mrem per year. The risks to marine biota are reduced
by the same ratio and will range from a high of 11 mrad per year to a mollusk from the loss of a cask in the
deep ocean, to alow of 6 X 10” mrad per year to fish from the loss of a damaged cask in coastal waters.

Management Alternative I, Implementation Subalternative 2a — Acceptance of Foreign Research Reactor
Spent Nuclear Fuel for 5-Year Policy Duration: This implementation subalternative results in the
shipment of 586 transportation casks of foreign research reactor spent nuclear fuel. This is 81 percent of
the shipments required for the basic implementation. Using this relationship, the risks presented in
Table C-18 can be scaled to produce the following results. The MEI will be exposed to a risk (in terms of
a peak individual dose rate) of 0.00015 mrem per year as a result of the accident causing the loss of a cask
in the deep ocean. The loss of a damaged cask in coastal waters results in the lowest risk to man,
5% 107 mrem per year. The risks to marine biota are reduced by the same ratio and will range from a high
of 40 mrad per year to a mollusk (deep sea accident) to a low of 2 x 10® mrad per year to fish (coastal
water, damaged cask accident).

Management Alternative 2, Subalternative 1b — Overseas Processing with Shipment of Waste to a U.S.
Storage Facility: In this subalternative, all of the foreign research reactor spent nuclear fuel (including
that generated in Canada) is sent to either Great Britain or France for processing and the vitrified
high-level waste generated in the process would be shipped to the United States. Based on the processing
of approximately 23 metric tons (25.3 tons) of spent nuclear fuel, enough vitrified high-level waste would
be generated to require up to eight transportation casks of vitrified high-level waste being shipped to the
United States. Only the impact of the marine shipments from the processing facility to the United States
was calculated.

The consequences of an accident at sea that results in the loss of a transportation cask filled with vitrified
high-level waste can be derived from the information used to develop the marine accident consequences
for a foreign research reactor spent nuclear fuel cask. The consequences listed in Tables C-15 and C-16
for Do represent the consequences associated with the loss of 100,000 MTHM equivalent of vitrified
high-level waste. Based on eight shipments for the approximately 23 metric tons (25.3 tons) of spent
nuclear fuel, each shipment in this subalternative will contain approximately 2.9 metric tons (3.2 tons)
equivalent of vitrified high-level waste, Table C-19 presents the consequences from Tables C-15 and C-16
scaled to represent the consequences for an accident resulting in the loss of a transportation cask
containing 2.9 metric tons (3.2 tons) equivalent.

Table C-19 Consequences Resulting from the Loss of a Transportation Cask
Containing Vitrified High-Level Waste®

gL ; SR 5
Peak Individual Dose (Man) rem/yr 0.0003 0.019 1.5x 107
Peak Biota Dose (Fish) rad/yr 0.0001 0.0008 0.9
Peak Biota Dose (Crustaceans) rad/yr 0.0001 0.0009 1.2
Peak Biota Dose (Mollusks) rad/vr (0.0003 0.019 41

% These estimates are based on the best estimate values presented in the Nuclear Energy Agency report
(NEA, 1988)
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From the accident frequency data in Table C-17, a per-shipment accident frequency can be developed for
all three accidents of interest: 1) the loss of an undamaged cask in coastal waters, 2) the loss of a damaged
cask in coastal waters, and 3) the loss of a damaged cask in the deep ocean. These frequencies are the
product of the shipment accident rate, the probability of the vessel sinking after an accident, the probability
that a submerged cask is not recovered, and where applicable (for the damaged cask in coastal waters
only), the probability that the cask is damaged in the accident. The resulting per shipment accident
probabilities are 3.2 x 10" for the loss of an unrecovered, undamaged cask in coastal waters, 6.4 x 10°
for the loss of an unrecovered damaged cask in coastal waters, and 2.3 x 10 for the unrecovered loss of a
damaged cask in the deep ocean.

With the assumption that there are only up to eight shipments of vitrified high-level waste, the risks
associated with the marine transport of this material are almost non-existent. The risks in terms of rem per
year peak public dose and rad per year Beak dose to marine biota, of an unrecovered cask in coastal waters
are essenuallar zero, less than 1.0 x 107", The risks calculated for the deep ocean accidents are: much less
than 1 x 10" rem per year peak dose to man, 2 x 10 B rad per year peak dose to fish and crustaceans, and
7x107 rad per year peak dose to mollusks.

Management Alternative 3 — Combination of Components of Management Alternatives | and 3 (Hybrid
Alternative): Under the Hybrid Alternative, the United States would accept foreign research reactor spent
nuclear fuel from countries unable to store high-level waste. This Hybrid Alternative could result in the
shipment of 452 transportation casks of foreign research reactor spent nuclear fuel to the United States.
This is approximately 63 percent of the shipments required in the basic alternative. Using this
relationship, the risks presented in Table C-18 can be scaled to produce the following results. The MEI
will be exposed to a risk (in terms of a peak individual dose rate) of 0.00012 mrem per year as a result of
an accident causing the loss of a cask in the deep ocean. The consequences of this accident do not change
from the basic implementation; the peak individual dose remains at 0.114 mrem per year. The loss of a
damaged cask in coastal waters results in the lowest risks to man, 4 x 107 mrem per vear. The risks to
marine biota are reduced by the same rat10 and will range from a high of 31 mrad per year to a mollusk
(deep sea accident) to alow of 1.8 x 10 % mrad per year to fish (coastal water, damaged cask accident).
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Appendix D
Selection and Evaluation of Potential Ports of Entry

This appendix describes the process used by the Department of Energy (DOE) in selecting the potential
ports of entry analyzed in this Environmental Impact Statement (EIS). In addition, the appendix provides
the basic information required to evaluate ports and port activities, and the potential environmental impacts
(incident-free and accidents) associated with the receipt and handling of foreign research reactor spent
nuclear fuel from vessels to intermodal transport in ports.

D.1 Ports of Entry Selection Process

The adopted port selection process was based on a set of criteria developed by DOE to identify those ports
that would be most capable of providing for the safe receipt, handling, and transhipment of foreign
research reactor spent nuclear fuel. This appendix first describes the process through which DOE
developed the port selection criteria, and then describes the application of the criteria, resulting in the
identification of the specific parts available for consideration.

Because the basic implementation of Management Alternative 1 of the proposed action would involve
shipments from many foreign countries to several potential foreign research reactor spent nuclear fuel
management sites in addition to those identified in the Environmental Assessment of Urgent-Relief
Acceptance of Foreign Research Reactor Spent Nuclear Fuel (DOE, 19944), it was necessary to expand on
the port analysis approach used in the Urgent Relief Environmental Assessment. The Urgent Relief
Environmental Assessment was concerned with fewer shipments within a short timeframe, with the
shipments going only to the Savannah River Site. Also, as stated in the Urgent Relief Environmental
Assessment, this EIS considers future population trends and future port developments.

Independent maritime safety experts consulted during the preparation of this EIS informed DOE that any
modern breakbulk or container terminal can accommodate the safe receipt, handling, and transhipment of
foreign research reactor spent nuclear fuel in approved shipping casks (USMMA, 1994), This view is
supported by the well-documented excellent safety record for shipping foreign research reactor spent
nuclear fuel in the United States (NRC, 1993). In addition, the port selection criteria discussed in this
appendix, taken collectively, provide a reasonable additional basis for identifying those candidate ports
suitable for the safe receipt and handling of foreign research reactor spent nuclear fuel.

D.1.1 Background

Since 1979, when the U.S. Nuclear Regulatory Commission (NRC) first began approving spent nuclear
fuel shipments in the United States, 317 spent nuclear fuel shipments in Type B casks have been
transported safely into several U.S. ports of entry. These include Newport News, Norfolk, and
Portsmouth, VA; Portland, OR; Savannah, GA; and Oakland, CA (NRC, 1993). However, prior to the fall
of 1993, DOE did not have any generally applicable criteria for identifying ports of entry. For this EIS, as
well as for the Urgent Relief Environmental Assessment, DOE developed criteria to identify candidate
ports of entry. The criteria used in this evaluation to identify potential ports for the receipt of foreign
research reactor spent nuclear fuel are based on consideration of several independent factors, each
described in more detail in the following sections.
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D.1.2 Information on Past Spent Nuclear Fuel Shipments

The NRC has the authority under the Atomic Energy Act of 1954, as amended, to regulate certain aspects
of spent nuclear fuel transportation. Of the thousands of shipments completed over the last 30 years in the
United States and abroad, none has resulted in an injury due to the radioactive nature of the cargo
(NRC, 1993). For the same period, about 1,200 (924 domestic and 293 foreign) overland shipments of
spent nuclear fuel took place without any injury attributable to accidents or incident-free radiation doses
during transport. Table D-1 provides the number of NRC and Department of Transportation regulated
international and domestic overland shipments since 1979 (excluding DOE shipments). The casks that
would be used in this program are robust Type B containers. The safety, safeguards, and precautions used
for such shipments have historically been very successful (NRC, 1993).

Table D-1 Number of NRC/Depirtment of Transportation Regulated Overland and
International Spent Nuclear Fuel Shipments

1979 2 1 0 14 0
1980 73 5 2 55 0
1981 30 2 3 48 0
1682 80 0 1 43 0
1983 92 0 2 23 0
1984 209 3 2 34 0
1983 114 i8 0 21 0
1986 88 15 0 17 0
1987 85 15 3 19 0
1988 10 7 0 15 0
1989 11 6 1 4 0
1950 0 8 2 0 3
1991 7 10 4 0 1
1992 17 6 0 0 0
Total 818 106 20 293 4

*Ports included Newport News, Norfolk, and Portsmowsh, VA; Savaanah, GA; Portland, OR; and Oakland, CA.

D.1.3 Federal Court Ruling

In the December 1991 decision of the U.S. District Court, District of Columbia Circuit, on the return of
spent nuclear fuel from Taiwan, the court ruled that DOE must consider a reasonable range of alternative
ports, including (at least) two low population density ports near DOE’s Savannah River Site (U.S. District
Court, 1991). In this appendix, DOE has identified a reasonable range of alternative ports on the East,
Gulf, and West Coasts (including several low population ports) for the receipt, handiing, and transhipment
of foreign research reactor spent nuclear fuel to five potential DOE management sites (including the
Savannah River Site) being considered in this EIS.

D.1.4 Notice of Intent Port Criteria

The Notice of Intent for this EIS (DOE, 1993) listed a series of preliminary criteria which might be applied
to a potential list of candidate seaports to identify ports which would be acceptable for receipt, handling,
and transhipmemt of foreign research reactor spent nuclear fuel. These proposed criteria included:
“(a) adequacy of harbor and dock characteristics to satisfy the cask carrying ship requirements;
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(b) availability of safe and secure lag storage; (c¢) adequacy of overiand transportation systems from ports
to the storage site(s); (d) experience in safe and secure handling of hazardous cargo; (e) emergency
preparedness status at the port and nearby communities; and (f) proximity to the proposed storage sites.”
Either implicitly or explicitly, these criteria were considered in the port screening, as discussed in the
following sections.

D.1.5 The U.S. Merchant Marine Academy Workshop Recommendatidns

A DOE-sponsored workshop on port selection criteria for spent nuclear fuel was held at the U.S. Merchant
Marine Academy at Kings Point, New York, on November 15-16, 1993 (USMMA, 1994). Participants at
the workshop included experts from the maritime industry in the areas of marine transportation, intermodal
systems, marine insurance, admiralty law, U.S. Coast Guard Operations, U.S. Navy Operations, Military
Sealift Command Operations, and national cargo, pilotage, and ships operations.

A series of panel discussions focused on issues such as economics and transportation safety, advantages of
shipping spent nuclear fuel on various types of vessels, and shipping spent nuclear fuel through large
versus small ports. The purpose of such discussions, in part, was to enable DOE to identify port criteria
that would minimize both the actual and perceived risk involved in spent nuclear fuel shipments. The
workshop participants agreed that any port capable of handling an ocean-going vessel is capable of
receiving spent nuclear fuel. While some of these ports might have features that would make them more
desirable than others (e.g., easy access from the open sea, modern facilities, etc.), no port would have such
limitations as to preclude safe receipt of the spent nuclear fuel. While individual ports might not satisfy all
the criteria recommended at the workshop, the workshop participants concluded that the criteria would
provide a means of evaluating the relative merits of ports.

The three criteria recommended as necessary for safe shipment were: short distance from the open ocean
to the port, adequate port cargo facilities, and intermodal access (i.e., for truck or rail shipments from the
port to the management site).

*

A second set of recommendations that were listed as “important but not necessary” included: an
experienced risk management staff, emergency preparedness and response capabilities, a skilled labor
force aboard ship and in port, good port security, no local restrictions or regulations on movement of
hazardous cargo, and no significant environmental considerations for the port.

Finally, the workshop also provided a list of “desirable” attributes for ports, including: distance of the
port from a population center, proximity of the port to a spent nuclear fuel management location, *“local
economic issues” (e.g., areas that receive a significant fraction of their revenues from maritime and
shipping activities), and personnel with training and experience in radioactive shipments and incident
response.

D.1.6 Provisions of the National Defense Authorization Act for Fiscal Year 1994

On November 30, 1993, the National Defense Authorization Act for Fiscal Year 1994 was signed into law
(NDAA, 1993). Section 3151 stipulates specific criteria that must be used “if economically feasible” and
“to the maximum extent practicable” in selecting U.S. ports for both emergency and nonemergency
receipt of foreign research reactor spent nuciear fuel at the Savannah River Site. Although the National
Defense Authorization Act does not specifically address other potential DOE management sites, DOE
assumed that the guidance provided for foreign research reactor spent nuclear fuel shipments to Savannah
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River Site should be considered for the other four potential sites being considered in this EIS (Idaho
National Engineering Laboratory, Hanford Site, Qak Ridge Reservation, and the Nevada Test Site), to the
extent feasibility and practicability permitted.

Specifically, the National Defense Authorization Act requires that DOE may not receive foreign research
reactor spent nuclear fuel if it “cannot be transferred in an expeditious manner from its port of entry in the
United States to a storage facility that is located at a Department of Energy facility and is capable of
receiving and storing the spent nuclear fuel.” Further, it requires that the * Secretary of Energy shall, if
economically feasible and to the maximum extent practicable, provide for the receipt of spent nuclear
fuel....at a port of entry in the United States which...compared to each other port of entry....that is capable
of receiving the spent nuclear fuel - (1) has the lowest human population in the area surrounding the port
of entry; (2) is closest in proximity to the facility which will store the spent nuclear fuel; and (3) has the
most appropriate facilities for, and experience in, receiving nuclear fuel (NDAA, 1993).”

D.1.7 Comments Received During the EIS Scoping Meetings and on the Urgent Relief
Environmental Assessment

Nine public scoping meetings were held in November and December, 1993, at six cities being considered
as potential ports for the receipt of spent nuclear fuel from foreign research reactors, and four cities near
the potential spent nuclear fuel management sites discussed in this EIS. As a result of these meetings,
DOE received several groups of similar comments, which have been incorporated into the development of
the criteria (DOE, 1994a).

The largest number of comments (44) received on any general port-related issue dealt with avoiding ports
in high population areas. Reasons ranged from concerns about accident consequences and possible
terrorist attacks, to concerns about the ability tfo adequately respond to emergencies and possible
evacuation of populations.

The second largest number of comments (32) suggested that alternative ports in low-population areas or
ports operated by the military be seriously considered, and that ports that are closest to the storage sites
and/or have the most direct transportation routes between the ports and management sites be considered.

Other comments that fall within the jurisdiction of DOE and within the scope of this EIS include:
suggestions that selected ports should have experience handling spent nuclear fuel (9 comments); the
safest marine terminals should be used at the port selected (3 comments); and that DOE should allow
case-by-case designation of ports based on the most sensible options at the time each individual shipment
occurs, considering the vessel, country of origin, time, cost, and overall experience of the ports
(2 comments).

In addition to comments presented at the EIS Scoping Meetings, DOE has also considered individual
comments and a list of suggestions from the Sierra Club on the draft Urgent Relief Environmental
Assessment (DOE, 19944d).

D.1.8 Key Assumptions and Methodology for Port Identification

A number of possible maritime shipment modes are potentially available for shipping the foreign research
reactor spent nuclear fuel over the next 10 or more years. The various transport modes generally
determine which port facilities are adequate at each specific port [e.g., container cranes are required for
container vessels, a pier for roll-on/roll-off vessels, and breakbulk cranes for breakbulk vessels]. While
regularly scheduled cargo ships servicing commercial ports could be an important mode selected by
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owners of the foreign research reactor spent nuclear fuel for their shipments, smaller unscheduled vessels
would also be a common mode of transport for multiple cask shipments (e.g., the first shipment of foreign
research reactor spent nuclear fuel under the Urgent Relief Environmental Assessment in
September 1994). This means that there will be a somewhat greater number of potential ports of entry to
consider than if only larger, regularly scheduled commercial container vessels were to be used (details on
potential vessel types that might be used are provided in Appendix C).

In addition to the types of vessels that could be used, the way foreign research reactor spent nuclear fuel
casks are “‘packaged” for shipment is also a determinant in the selection of potential ports. For the Urgent
Relief Environmental Assessment shipments to Savannah River Site, the Terms and Conditions for
Financial Settlement for Receipt and Disposition of Foreign Research Reactor Spent Fuels (DOE, 1994c¢)
required that spent nuclear fuel casks be containerized in 20 ft International Standards Organization
containers (nominally, 24 m x 24 m x 6.1 m, or 8 ft x § ft x 20 ft), also called 20-ft equivalent units.
Therefore, it was assumed that spent nuclear fuel casks would only be shipped containerized. This
eliminates consideration of receipt and handling of foreign research reactor spent nuclear fuel casks in a
“palletized” mode. Thus, the EIS focuses primarily on reasonable options for ports qualitied for the
receipt, handling, and transhipment of containerized spent nuclear fuel on any viable vessel type.

Among the ports that routinely handle containerized freight, two groups of ports - those along the in-land
Mississippi River (above New Orleans) and those around the Great Lakes - are not considered in this
evaluation. Access to these ports requires a long inland transit from open ocean. The U.S. Merchant
Marine Academy recommendations discouraged such transits.

Finally, since the National Defense Authorization Act did not establish numerical distance or transport
time limits for spent nuclear fuel transport, DOE concluded that, consistent with current and past Federal
practice for transport of spent nuclear fuel in the contiguous United States, all overland shipments should
be managed such that the spent nuclear fuel is kept moving as expeditiously as possible from the time it is
placed on the transportation vehicle at the port of entry until it reaches the DOE management site, to the
maximum extent practicable. For example, truck shipments (which typically involve two drivers in a
tractor with a sleeping area) are assumed to be basically nonstop in order to deliver the spent nuclear fuel
promptly, stopping only for fuel and food. This has been, and is expected to remain, DOE practice tor
such shipments.

NRC recently reported that for the period 1979-1992, rail transport only accounted for 8.6 percent of the
total spent nuclear fuel shipments in the United States, but these shipments accounted for about 66 percent
of the total quantity of spent nuclear fuel shipped (NRC, 1993). Rail travel (freight) typically takes much
longer than truck transport when moving spent nuclear fuel on a dedicated railcar, where even short trips
may require movement through additional intermodal terminals (e.g., transfer from rail to truck for site
delivery), or intermediate points of dedicated railcar transfers to other train systems (e.g., from a local
freight handler to one or more long distance freight lines). However, in the case of dedicated trains where
entire multiple cask shipments (such as those used for the Urgent Relief shipment from the Military Ocean
Terminal at Sunny Point (MOTSU) to the Savannah River Site) go directly from the port to the
management Site, rail travel times are expected to be somewhat longer than those for truck transport.
Generally, rail distances are also typically somewhat longer than those for trucks using interstates, and rail
transport generally costs more, and potentially exposes larger numbers of people since transits typicaily
pass through major railyards in inner cities (see Appendix E for comparative travel distances for truck and
rail).
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In both cases, DOE concludes that by proper planning and compliance with current Department of
Transportation and NRC shipment requirements (including use of pre-approved routes), each shipment of
foreign research reactor spent nuclear fuel could be moved expeditiously from each port to each
management site, and specific distance and time considerations do not serve to usefully discriminate
against ports in the contiguous 48 States. '

D.1.9 Methodology for Port Selection

The methodology for identifying acceptable ports of entry began with a list of 153 commercial ports
throughout the contiguous United States. These ports included the 151 ports that were originally
considered in the Urgent Relief Environmental Assessment (DOE, 1994d). The two additional
commercial ports are Eddystone, PA, and Fernandina Beach, FL. Also, eight additional military ports in
the contiguous United States suggested by the Military Traffic Management Command (MTMC, 1994a)
were evaluated. The eight candidate military ports were those believed to routinely handle dry
containerized cargoes (largely munitions), on breakbulk, container, and/or roll-onroll-off vessels.
Military ports are subject to extreme fluctuations in port activities as a function of national need. By using
the criteria described below, ports that did not meet each DOE mandatory criterion in the sequence were
eliminated, Those ports not eliminated at each step of the screening process were then evaluated in the
same fashion against the remaining required criteria.

The required screening criteria DOE used to identify potential ports of entry are:

¢ The ports must have appropriate (routine) experience handling containerized cargo
(Criterion 1);

» The ports must offer favorable transits from the open ocean to the selected terminals
(Criterion 2);

» The ports must have appropriate facilities for safe receipt, handling, and transhipment of .
foreign research reactor spent nuclear fuel (Criterion 3);

» The ports must have ready access for intermodal transport (i.e., truck and rail facilities at or
close to the selected terminal) (Criterion 4); and

e The human population of the ports and along transportation routes must be low to the
extent economically feasible and maximum extent practicable (Criterion 5).

In selecting the final list of seaports from those found acceptable under Criterion 5, DOE applied several
desirable port attributes. The potentially most useful of these ports for receipt, handling, and transhipment
of foreign research reactor spent nuclear fuel to any of the five DOE management sites, and which also
had the highest number of other desirable attributes, were selected for consideration and detailed analysis
in the EIS.

D.1.9.1 Criterion 1: Appropriate Port Experience

The first criterion selected is one of the National Defense Authorization Act requirements for using ports
with appropriate experience. The criterion is used first because if a port does not currently have
appropriate container handling experience, or is unlikely to have this experience during the time period
analyzed in this EIS, there is no reason to consider it further. For this screening, commercial ports that
handie on the order of at least 20,000 20-ft equivalent units of containerized cargo per year [i.e., any mix

D-6



SELECTION AND EVALUATION OF POTENTIAL PORTS OF ENTRY

of breakbulk, combination breakbulk/container ships, or self-contained ships that are equivalent to
unloading (or loading) a small container vessel every week or two] were selected for further detailed
analysis under the remaining criteria.

Because containerized spent nuclear fuel requires no special port experience or facilities specific to the
handling of radioactive material, ports were not eliminated from consideration because of lack of such
experience or facilities.

This criterion excludes experience in handling bulk liquid cargoes (e.g., oil or petrochemicals) or other
bulk cargoes (e.g., grain, coal, etc.) unloaded using special cargo equipment not of the type used for receipt
and handling of containerized foreign research reactor spent nuclear fuel shipments. 1t also excludes ports
used primarily by fishing fleets or cruise ship liners.

Ports meeting the appropriate experience requirement would be those where port terminal(s) and operators
routinely load and/or unload all types of containerized dry cargoes requiring the same type of handling as
containerized spent nuclear fuel (e.g., everything from television sets and machine parts to toxic materials,
flammable or explosive cargoes, etc.), or are likely to acquire such experience during the time period
analyzed in this EIS (i.e., large cargo or container port expansions or improvements are planned within the
next several years). DOE found that the status of commercial port facilities is very dynamic and subject to
rapid and unpredictable changes. For example, the Port of San Francisco, CA lost four of its five major
container lines to the Port of Oakland, CA early in 1994, and the Port of Morehead City, NC, has gone
from on the order of 10,000 containers per year a few years ago to essentially no container service at the
present time (DOE, 1994d). Similarly, the Port of Richmond, CA (while it still has two container cranes
available and acceptable facilities) no longer receives significant numbers of containers (AAPA, 1994),
although that could change in the near future.

This criterion also effectively eliminated ports that have infrequent container/breakbulk ship calls,
marginal equipment or facilities, and were less likely to have well-trained and experienced personnel than
busier ports during the pericd analyzed in this EIS (adequacy of ports and facilities for receiving, handling,
and transhipping such cargoes will be addressed in Section D.1.9.3).

Out of the original list of 153 commercial candidate ports in the contiguous United States that were
discussed earlier (excluding the 29 Great Lakes and upper Mississippi River ports), this screening resulted
in the identification of 31 candidate seaports (see Table D-2 and Figure D-1). Many of the rejected ports
were associated with oil or other bulk shipments, and were not viable for either breakbulk or container
operations. These 31 commercial ports are considered to be reasonably representative of the total
population of viable commercial seaports in the contiguous United States. Three of the eight military ports
evaluated were found to generally satisfy this criterion, allowing for the cyclical nature of military
activities at these ports (see Figures D-1 and D-2 and Table D-3). The acceptable military ports included
the Military Ocean Terminal Bay Area in Oakland, CA, and the Naval Weapons Station (NWS) in
Concord, CA, as potential West Coast ports of entry, and MOTSU for a potential East Coast port of entry.
This criterion screened out all naval bases and shipyards in the contiguous United States because they do
not regularly handle containerized cargo from ocean-going vessels in any significant quantity,

There is great uncertainty associated with attempts to project the future of part activities and possible
availability for receipt, handling, and transhipment of foreign research reactor spent nuclear fuel. Many of
the features and facilities of ports addressed in Criterion 3 are inexiricably related to the likelihood that any
glven port will meet the minimum requirements for *“appropriate” experience in the future. Thus, for
example, if a specific port lacks adequate facilities and equipment at present, and there is no identifiable
intention of improving the port in the future, it is unlikely that the port will develop the appropriate
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Table D-2 Commercial Ports with Appropriate Experience Receiving, Handling,
and Transhipping Containerized Dry Cargoes®

e i : S i N

& AR 0

No Gloucester City, NJ No Port Angeles, WA No

| Albany, NY No Gramercy, LA No Port Arthur, TX No
Alexandria, VA No Grays Harbor, WAS Na Port Canaveral, FL. No
Anacortes, WA No Green Bay, WI NA Port Costa, CA No
| Antioch, CA No Guifport, MS Yes Port Everglades, FL, Yes
Ashtabuia, QH NA Hopewell, VA Na Port Hueneme, CA No
Astoria, OR No Houston, TX Yes Port Manatee, FL* No
Baltimore, MD Yes Huntington Beach, CA No Port Neches, TX No

i Batog Rouge. LA NA Huron, OH NA Port Royal, §C No
Bay City, Ml NA Jacksonville, FL. Yes Port San Luis, CA No
Beaumont, TX* No Kalama, OR No Port Sulfur, LA No
Bellingham, WA No Kenosha, W1 NA Port St. Jog, FL No
Benicia, CA No La Place, LA No Port Townsend, WA No
Boston, MA Yes Lake Charles, LA Yes Portland, OR Yes
Bridgeport, CT No Long Beach, CA Yes Portland, ME No
Brownsville, TX No Longview, WA® No Portsmouth, NH* No
Brunswick, GA No Lorain, OH NA Portsmouth, VA Yes
Buffalo, NY NA Los Angeles, CA Yes Providence, RI No
Burpg Harbor, IN NA Mandalay Beach, CA No Raymond, WA No
Cambridge, MD No Manitowoc, WI NA Redwood City, CA No
Camden, NJ* No Marcus Hook, PA No Reedsport, OR No
Carisbad, CA No Marine City, MI NA Reserve, LA No
Carpinteria, CA No Miami, FL. Yes Richmond, VA Yes
Charleston, SC Yes Milwaukee, W1 NA Richmond, CA® No
Chicago, [L, NA Mobile, AL® No Rochester, NY NA
Cleveland, OH NA Morehead City, NC No Sacramento, CA No
Conneaut, OH NA Moss Beach, CA No Saginaw, M1 NA
Coos Bay, OR No Muskegon, MI NA San Diego, CA® No
Corpus Christi, TX® No New Bedford, MA . No San Francisco, CA Yes
Crescent City, CA No New Haven, CT No Sandusky, OH NA
Crockett, CA No New London, CT No Savannah, GA Yes
Delaware City, DB No New Orieans, LA Yes Sears ME Na
Detroit, M1 NA New York NY" Yes Seattle, WA Yes
Duluth, MN NA Newport News, VA Yes Sheboygan, WI NA
Eddystone, PA Yes Newport, OR No Stockton, CA No
Edmonds, WA No Norfolk, VA Yes Superior, WI NA
El Segundo, CA No Oakland, CA Yes Tacoma, WA Yes
Eric, PA NA Ogdensburg, NY NA Taft, LA No
Essexville, M1 NA Olympia, WA No Tampa, FL.* No
Esterg Point, CA No Orange, TX Ne Texas Ciry, TX No
Eyreka, CA No Osirica, LA No Toledo, OH NA
Everett, WA No Oswego, NY NA Uncle Sam, LA No
Fairport Harbor, OH NA Palm Beach, FL, Yes Vallejo, CA No
Fall River, MA No Panama City, FL, No Vancouver, WA® Na
Femdale, WA No Pascagoula, MS No Venice, LA No
Fernandina Beach, FL Yes Paulsboro, NJ No Ventura, CA No
| Freeport, TX Yes Pensacola, FL No Willapa Bay, WA No
Friday Harbor, WA No Philadelphia, PA Yes Wilmington, DE Yes
Galveston, TX Yes Pilottown, LA No Wilmington, NC Yes
Gaviota, CA No Pinsburgh, CA Na Winslow, WA No
Georgetown, SC No_ Point Wells, WA No (Closing)

2For possible use by breakbulk, container, Roll-on/Roll-off or combination vessels. No Great Lakes ports or ports
far up the Mississippi River were evaluated in detail because of the unaccepiably long transits on crowded inland
waterwdys or need for additional intermodal transfers (listed as “not applicable” or NA).

blncludes the preferred terminal at Elizabeth, NJ.
“Does have limited dry cargo facility; could acquire approprjate experience during 10 1o 15-years,
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© Appropriate Port Experience:

~ Ports routinely handle containerized
cargo (at least 20,000 TEUs/yr)

a Accepted 31 Commercial Ports:

Baltimore, MD*
Boston, MA
Charieston, SC
Eddystona, PA*
Elizabsth, NJ
Fernandina Beach, FL
Freepont, TX
Galveston, TX
Gulfport, MS
Houston, TX
Jacksonville, FL
Lake Charles, LA
Long Beach, CA
Los Angeles, CA
Miaml, FL
Newporl News, VA*
New Orleans, LA
Norfolk, VA*
Qakland, CA*
Palm Beach, FL
Philadelphia, PA
Port Everglades, FL
Portland, OR*
Portsmouth, VA*
Richmond, VA
San Frencisco, CA
Savanneh, GA*
Seattle, WA
Tacoma, WA
Wiimington, DE
Wiimington, NC

b. Accepted 3 Military Ports™:

Military Ocean Terminal
Sunny Point, NC*

Miltary Ocean Terminal
Oekland, CA

Naval Weapons Station
Concord, CA

* Database Indicates Port has handled
SNF or other Type B cask shipments

= Military poris meet 20,000 TEL requirement
on a perlodic basls, but cycle between high
and iow work lcads based on military demands

Broad List of Potential Ports
(153 Commerclal and 8 Mifitary)
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Table D-3 Military Ports with Appropriate Experience Receiving, Handling, and
Transhipping Containerized Dry Cargoes

E
Bayonne, NJ (Military Ocean Terminal) No
Cheatham Annex, VA (Navy) No
Concord, CA (Naval Weapons Station) Yes
Kings Bay, GA (Submarine Base) ‘ No
Oakland, CA (Military Ocean Terminal) - Yes
Port Hueneme, CA (Naval Constriiction Battalion Center) No
Sunny Point, NC (Military Ocean Terminal, MOTSU) Yes
Yorktown, VA (Naval Weapons Station) No

BMititary ports meet 20,000 twenty-foot equivalent units/yr requirement on a periodic basis and retain a corp of
experienced port workers.

Sources of information include: MTMCTEA, 1992 (Bayonne, NJ); MTMC, 1994a (Cheatham Annex, VA);
Yocurn, 1994a and 1994b (Concord, CA); FHI, 1993b (Kings Bay, GA); MTMC, 1994b; MTMCTEA, 1990 (Port
Hueneme, CA); DOE, 1994d (Sunny Poing, NC); and FHI, 1994a(Yorkiown, VA).

experience required during the period analyzed in this EIS. As a result, DOE searched the available
literature and scanned port-specific information from a number of sources (including direct discussions
with numerous port officials) to identify planned future port improvements to see if that information could
be used to tentatively increase the number of potential ports in subsequent port screenings for other
necessary criteria, The results of this review are addressed further in Attachment D1 to this appendix. The
basic finding was that all identifiable future port improvements were generally being made in ports that
already meet the appropriate experience criterion (also see Attachment D1 to this appendix for projected
port improvements that have been identified). As a result, that test for potential future port utilization did
not yield any additional ports for subsequent screening.

On the other hand, DOE also found that some ports already have adequate facilities, but for one reason or
another have been unable to attract enough container shipments to ensure a reasonable core of experienced
workers {(e.g., Port of Richmond, CA). In such cases, future projections are extremely uncertain, since
there is no way of knowing whether ports will be successful in marketing new business opportunities in
the future. As a result, DOE concluded that there was no useful purpose served in keeping these ports in
the list for subsequent screening.

D.1.9.2 Criterion 2: Favorable Transit From Open Ocean

This criterion was based on recommendations from the U.S. Merchant Marine Academy Workshop
participants who found that a short transit from the open ocean to port was necessary to maximize the
safety of shipments of spent nuclear fuel (USMMA, 1994), However, it is clear that since this criterion
focuses on ship safety, it is essentially synonymous with the requirement for a favorable ship transit from
the open ocean to the port. Thus, while a port might be within a few miles of the open sea, if there were
numerous hard shoals, ship wrecks, or reefs along the ship channel, this port might be less desirable than
other ports with longer but less risky transits. On the other hand, ports that can only be reached by
transporting spent nuclear fuel through long, narrow, winding, or crowded ship channels present additional
risks that can be avoided by using ports that are easier to reach.

As a result, DOE concluded that ports meeting the intent of this criterion would have relatively short trips
to port from large, deep bodies of water that were either oceans, seas, or notable extensions thereof, such
as large bays or sounds (e.g., Chesapeake Bay, San Francisco Bay, or Puget Sound), and which present no

D-11



APPENDIX D

special navigational hazards to ships (including adequate width and depth of water in ship channels). A
minimum channel depth (mean low water) of 7.6 m (25 ft} was selected to permit use by at least small to
intermediate size vessels.

Less desirable were potential ports that could only be reached by traversing long, narrow and/or winding,
or crowded ship channels [e.g., the St. Lawrence seaway to a Great Lakes port or the long passage up the
Galveston/Houston ship channel to Houston (which is crowded by oil tankers in the channel and mumerous
petroleum and petrochemical plants along the channel that could impact on ship safety in the event of a
plant or pipeline accident)].

Reliable data on risks associated with transits are difficult to find. In 1991, the U.S. Coast Guard
established a national database on ship accidents. The 46 Code of Federal Regulations (CFR) §4.05-1
defines reportable accidents as those events that (1) leave a vessel damaged and presenting a navigational
hazard (e.g., loss of propulsion or steering) or affect seaworthiness, (2) cause damage in excess of $25,000,
or (3} result in serious injury or loss of life. Included in the database are allisions (single ship collisions
with fixed structures such as buoys, docks, or bridges), collisions (between two vessels while under
power), hard groundings (where a vessel cannot free itself), and fires onboard cargo vessels due to other
accidents (USCG, 1994a and 1994b). However, since these accident statistics are not comprehensive and
include barge accidents in addition to those involving ocean-going vessels, it is difficult to provide sound
and reliable estimates of accident frequencies and types per transit to port.

Using all of the information currently available that pertains to analysis of this criterion, DOE found that
the Ports of Richmond VA, New Orleans and Lake Charles, LA, and Houston, TX do not meet the criteria
for receipt of foreign research reactor spent nuclear fuel at this time.

As shown in Table D-4 and Figure D-3, application of this criterion resulted in the retention of
27 commercial seaports and three military ports for further analysis.

D.1.9.3 Criterion 3: Appropriate Port Facilities

The National Defense Authorization Act requires the use of ports with “appropriate port facilities” that
allow safe handling of foreign research reactor spent nuclear fuel. The U.S. Merchant Marine Academy
Workshop recommended as *necessary for safe shipment” that an acceptable port have *adequate port
cargo facilities,” which included (1) berthing options (e.g., so that conflicting activities at an adjacent
berth or onshore could be avoided if necessary), and (2) onsite cranes with trained operators (while it was
recognized that ports without cranes could use other means to offload a vessel, the panel preferred ports
with cranes).

Thus, port facilities must possess the following minimum physical attributes: (1) adequate water depths
alongside piers [at least 7.6 m (25 ft) was selected for this screening] for docking at least small to
intermediate-sized vessels, (2) adequate wharfs and quays, with berthing options (in case a potential for
conflicting operations exists near the berth of choice), for securing vessels and safely offloading, and
carrying the necessary spent nuclear fuel loads, and (3) at least one adequate crane for offloading
containerized spent nuclear fuel onto ground transport [at least a 30 metric ton (33 ton) capacity crane was
selected for this screening].

While many small ports have cranes with large lift capacities [100 metric tons (110 tons) or more], they
are not purpose-built container cranes and must use special container spreaders for use with containers.
Although the U.S. Merchant Marine Academy Workshop found it “desirable” for a port to have an
adequate purpose-built container crane available, participants determined it was unnecessary to have one,
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Table D-4 Required Maritime Transit Criterion for Selection of Seaports for
Foreign Research Reactor Spent Nuclear Fuel Shipments

Baltimore, MD 240 Yes
Boston, MA 12 Yes
Charleston, SC 11 Yes
Eddystone, PA 120 Yes
Elizabeth, NJ 18 Yes
Fernandina Beach, FL. 15 Yes
Freeport, TX 6 Yes
Galveston, TX 16 Yes
Gulfport, MS 30 Yes
Houston, TX 71 No
Jacksonville, FL. 11 Yes
Lake Charles, LA 52 No
Long Beach, CA 4 Yes
Los Angeles, CA 5 Yes
Miami, FL. 5 Yes
Newport News, VA 40 Yes
New Orleans, LA 160 No
Norfolk, VA 35 Yes
Oakland, CA 15 Yes
Palm Beach, FL. 6 Yes
Philadelphia, PA 130 Yes
Port Bverglades, FL 2 Yes
Portland, OR 140 Yes
Portsmouth, VA 40 Yes
Richmond, VA 190 No
San Francisco, CA 19 Yes
Savannah, GA 24 Yes
Seattle, WA 5 Yes
Tacoma, WA 5 Yes
Wilmington, DE 100 Yes
Wilmington, NC 38 Yes
Military
NWS Concord, CA 60 Yes
MOTBA, CA 15 Yes
MOTSU, NC 16 Yes

To convert distance to miles, divide by 1.6.

Thus, while it is preferable to avoid any additional risks associated with the use of general purpose cranes
(even though small) by using terminals with equipment designed to handle containerized cargo (an
alternative to port container cranes might be the use of combination breakbulk/container vessels with
shipboard container cranes that are generally operated by trained and experienced port stevedores), a
purpose-built container crane was not determined to be necessary to satisfy this criterion. Military ports
also represent a special case, since most do not have such purpose-built container cranes, and use a
container spreader attachment when necessary.
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© Fovorable Transh to Port:

- Port within reasonable distance from
the open sea, with favorable transit

a Acceplad 27 Commercial Ports;

Baltimore, MD
Boston, MA
Charleston, SC
Eddystone, PA
Ellzabeth, NJ
Fernandina Beach, FL
Freeport, TX
Galveston, TX
Gulfport, MS
Jacksonville, FL
Long Beach, CA
Los Angeles, CA
Miami, FL
Newport News, VA
Norfolk, VA
Cakland, CA

Paim Baach, FL
Philadelphia, PA
Port Everglades, FL
Portland, OR
Portsmouth, VA
San Francisco, CA
Savannah, GA
Seattle, WA
Tacoma, WA
Wilmington, DE
Wilmington, NC

b Accepted 3 Military Ports:

Military Ocean Terminal
Sunny Point, NC

Military Ocean Terminal
Qakland, CA

Naval Weapons Station
Concord, CA

Broad List of Potential Ports
(153 Commercial and 8 Military)
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Because containerized spent nuclear fuel requires no special port experience or facilities specific to the
handling of radioactive material, ports were not eliminated from consideration because of lack of such
experience or facilities.

As noted earlier, there iS no reasonable way of determining the future likelihoad that currently marginal
ports that already have adequate facilities (but simply lack “appropriate experience”) will acquire such
experience. It depends totally on whether the ports will be able to induce shipping lines to use their
facilities. 1n the area of appropriate facilities, however, there is much less uncertainty in making such
determinations, since the planning process for port improvements must be made years in advance in order
to allow time for land acquisition, funding, and other approvals before such improvements can be made.
Therefore, those ports that have current plans for improvements that might permit their consideration for
purposes of this E1S are much easier to identify. As a result, available information relating to future port
improvements was studied carefully. Ports with substantial identified improvements or developments
during the period analyzed in this EIS include: Baltimore, MD; Boston, MA; Charleston, SC; Fernandina
Beach, FL; Gulfport, MS; Jacksonville, FL; San Francisco, CA; Oakland, CA; Long Beach, CA; Naval
Weapons Station Concord, CA; Los Angeles, CA; Miami, FL; Mobile, AL; New Orleans, LA; Norfolk,
VA; Philadelphia, PA; Port Everglades, FL; New York, NY; Portland, OR; Savannah, GA; Seattle and
Tacoma, WA; and Wilmington, DE. Details on these improvements are shown in Attachment D1 to this
appendix. All of these ports (except Mobile, AL) currently have both adequate experience and facilities
without further improvements. Therefore, no additional ports were identified for foreign research reactor
spent nuclear fuel receipt in the future. (Mobile, AL will meet the requirement for experience if it
approximately doubles its current container business in the future, but that is too speculative to be useful at
this time).

In addition to physical attributes of port facilities, public safety also depends on the reliability of the
personnel operating the facilities. In addition to port accidents related to a failure of the
container-handling equipment, human error can also increase risks of accidents. The U.S. Merchant
Marine Academy Workshop identified the skill of the labor force at a port as an important {(but not
mandatory) criterion.

While the U.S. Merchant Marine Academy Workshop preferred ports with cranes, it also considered the
use of roll-on/roll-off vessels, but preferred the use of other vessels for a number of reasons. Although
roll-on/roll-off is not as likely to be used for spent nuclear fuel shipments as conventional cargo vessels
due to costs, availability, and other factors, such vessels require only adequate water depths and
appropriate piers to receive foreign research reactor spent nuclear fuel. As a result, the presence of
roll-on/roll-off facilities is noted in Section D.2 in the detailed discussions of potential ports, but was not
considered an adequate sole basis for port selection.

Several related “desirable” attributes for port facilities were recommended by the U.S. Merchant Marine
Academy Workshop or identified during the port analyses. These attributes which would contribute to a
port having *“appropriate facilitics,” but were not required for safe receipt, handling, and transhipment of
spent nuclear fuel include: (1) secure short-term storage areas (in the event of unexpected events such as
snow or icing of roads), (2) the existence of emergency planning and training, (3) the absence of
environmentally sensitive areas in port or local restrictions on movement of spent nuclear fuel, (4) the
absence of conflicting uses (e.g., explosives, petroleum, tourism), and (5) minimal likelihood of severe
natural phenomena impacting port activities (such as high winds from hurricanes, floods, earthquakes,
volcanoes). These desirable port attributes are used in final port selection in Section D.1.8.5, and are
discussed for each port in Section D.2.
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In applying the DOE criteria, it became evident that the majority of the ports that met the first required
screening criterion (Appropriate Port Experience) also met these requirements. Application of the
Appropriate Facility Criterion retained 25 commercial ports and three military seaports for further
analysis. Two commercial ports, Freeport, TX and Palm Beach, FL were dropped due to the application of
this criterion. The results of this screening are summarized in Figure D-4.

D.1.9.4 Criterion 4: Ready Access to Intermodal Transportation

A U.S. Merchant Marine Academy Workshop criterion determined to be necessary for safe shipment of
spent nuclear fuel was “intermodal access”, which means *‘ready access from a port” to truck and rail
routes. It is becoming common practice for ports with intermodal transfer facilities to carry off-loaded
containers on special port-owned container handling equipment t0 a marshalling yard adjacent the
terminal, where the containers are loaded onto trucks or rail for shipment to the consignee. Such transfers
tend to minimize traffic congestion at shipside by using experienced port personnel and specialized port
equipment. These intermodal transfers are increasingly accomplished with purpose-built container
handling equipment (straddle carriers, sidelifts, front-end loaders, stackers, and container forklifts) that
require no additional workmen for container handling. Given that the handling is done very rapidly and
securely by a single operator, the opportunities for additional worker exposures or serious accidents are
minimized. Moving a container from a pier to a marshalling area a few kilometers more distant than one
at a terminal has little significance with regard to either worker exposure or public risk (see, for example,
container handling equipment in Jane’s, 1992).

DOE found that most of the potential ports accepted under the three preceding required criteria also had
good access to interstate highways and rail transport. However, smaller ports and most military ports with
more limited facilities could also accept containerized spent nuclear fuel from combination
breakbulk/container vessels or roll-on/roll-off vessels. These ports often have limited intermodal
capabilities for rail in the immediate vicinity of a pier, but the spent nuclear fuel could be trucked to a rail
area (often a few miles or less) for loading on a railcar. While these arrangements could involve an
additional intermodal transfer, such transfers are typically also done rapidly using special container
handling equipment. Therefore, they do not involve significant additional opportunities for worker
exposure or accidents than would be the case for movement of foreign research reactor spent nuclear fuel
from a pier to an intermodal yard at a large port.

DOE concluded that the lack of an intermodal rail facility immediately at a terminal should not eliminate
an otherwise desirable port from further evaluation, if rail access was reasonably close to the port
(e.g., container cargo from the Wando Terminal in Charleston, SC, must be tnucked a few miles to an
intermodal facility in North Charleston for transfer to rail). All ports evaluated have acceptable intermodal
access for trucks, although smaller ports typically do not have dedicated truck routes for access to
interstates, and may require short transports through sometimes congested local traffic to reach the
interstate highway system. This apparent conflict between requirements for ready intermodal access at
ports and the National Defense Authorization Act requirement for using ports with the *“‘lowest human
populations” has been balanced to permit some small ports with more limited intermodal capabilities to be
considered for further screening, since the additional public impacts associated with a few miles’ transport
through urban populations would be small compared to public impacts associated with transport over
hundreds or thousands of miles of the country’s Interstate highway system.

Application of the intermodal access criterion resulted in acceptance of 25 commercial seaports and three
military ports (i.e., no additional ports were rejected) for further analysis using the remaining DOE criteria.
The results of applying this criterion to commercial and military ports are shown in Figure D-5. Details
regarding intermodal access are addressed in each port description in Section D.2.
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© Appropriate Facliities:

- Adequete crane(s), piers, depth of
waler alongside, etc.

a Accepted 25 Commercial Ports:

Baltimore, MD
Boston, MA
Charlaston, SC
Eddystone, PA
Elizabeth, N1
Fernandina Baach, FL
Galveston, TX
Gulfport, MS
Jacksonville, FL
Long Beach, CA
Los Angeles, CA
Miami, FL
Newport News, VA
Norfolk, VA
O=kland, CA
Philadelphia, PA
Port Everglades, FL
Portland, OR
Portamouth, VA
San Francisco, CA
Savannah, GA
Seattie, WA
Tacoma, WA
Wiimington, DE
Wiimington, NC

b Accepted 3 Military Ports:

Miitary Ocean Terminal
Sunny Point, NC

Miltary Ocean Terminal
Oekland, CA

Naval Weapons Station
Concord, CA

Broad List of Potential Ports
{153 Commercial and 8 Milltary)

Figure D-4 Screening Ports with Appropriate Facilities Criterion
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© intermodal Access:

Broad List of Potential Ports
{153 Commercial and 8 Miltary}

a ted 25 Commercial Ports
(SRS and ORNL unfess
otherwise ified).

specified)

Baltimore, MD

Boston, MA
Charleston, SC
Eddystone, PA
Elizabeth, NJ
Femandina Beach, FL
Galveston, TX
Gulfport, MS
Jacksonville, FL

Long Beach, CA

Los Angeles, CA
Miami, FL

Newport News, VA
Norfolk, VA

Qakland, CA
Philadelphia, PA

Port Everglades, FL
Portland, OR
Portsmouth, VA Appropriate
San Francisco, CA Port Faclties ,
Savannsh, GA
Seattle, WA
Tacomea, WA
Wilmington, DE
Wilmington, NC

b. Accspted 3 Military Ports:

Miiltary Ocean Terminai
Sunny Point, NC

Miltary Ocean Tarminal
Oakland, CA

Naval Waapons Station
Concord, CA

Figure D-5 Screening Ports for Ready Access to Intermodal Transportation
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D.1.9.5 Criterion 5: Human Populations

While only dealing with foreign research reactor spent nuclear fuel shipments bound for the Savannah
River Site, the Federal court ruling discussed in Section D.1.3 indicates that the courts consider port
populations to be an important ingredient in the National Environmental Policy Act (NEPA) process for
assessing the range of reasonable port alternatives.

NEPA requires that DOE consider a range of reasonable alternatives for potential ports of entry. On the
other hand, the National Defense Authorization Act port selection factors required that, if economically
feasible and to the maximum extent practicable, ports of entry for foreign research reactor spent nuclear
fuel bound for the Savannah River Site have the lowest human populations in the area surrounding the
port. While the National Defense Authorization Act was written specifically to regulate the receipt and
storage of foreign research reactor spent nuclear fuel at the DOE’s Savannah River Site, DOE elected to
apply this criterion in identifying ports of entry for all five potential sites, to the maximum extent
practicable.

DOE has considered a number of potential definitions of *“lowest human populations” and resulting
models that might be used to satisfy the National Defense Authorization Act lowest population factor
(NDAA, 1993). These include using the same approach used in the Urgent Relief Environmental
Assessment (DOE, 1994d), and variations that might be useful for identifying ports for inclusion in this
EIS. A description of the various approaches that were considered are provided in Attachment D3 to this
appendix. '

As shown in the Urgent Relief Environmental Assessment (DOE, 1994d) and this EIS (Chapter 4), public
risk is driven not only by port populations, but by the populations within the immediate proximity of truck
and rail shipments from each port to each management site. For each selected port and each selected mode
of overland transport (truck or rail), the total “affected” population represents a unique population
surrounding the port plus those along the transport route to each of the five potential DOE management
sites. DOE considered the affected populations outside the immediate port vicinity along the routes to the
management sites to be as important for protection of public health and safety as those within the vicinity
of the port terminals, for both incident-free transport and a range of potential accidents,

DOE evaluated port populations within the radii of three distances: 1.6 kilometers (km) [1 mile (mi)],
3.0 km (5 mi), and 16 km (10 mi). These populations are shown in Table D-5. DOE expects that the
1.6 km (1 mi) radius population would include resident members of the public immediately outside the
port who would be the most likely to be affected by severe accidents and incident-free impacts. In
addition, the radioactivity, which is hypothesized to be released from a very severe accident (long-term fire
leading to severe cask damage), would be lofted high into the air and would not normally produce peak
ground-level air concentrations until well outside the 1.6 km (1 mi) radius. Therefore, the 1.6 km (1 mi)
population was not considered adequate to reflect the population criterion.

The population within a 16 km (10 mi) radius was selected to be consistent with the results of analyses of
severe hypothetical accidents described in Section D.5 of this appendix. For severe accidents in ports, the
maximum radiation dose to an individual located 16 km (10 mi) from the port is typically much lower than
the dose to the maximally exposed individual. However, analyses of the potential impacts of severe
accidents in a range of port populations show that the average dose to members of the public within a
16 km (10 mi) radius of the port is higher than the average per capita dose for any of the larger radii
around the port for typical (i.e., 50th percentile) meteorology and typical dry deposition and fallout
patterns. Further, as discussed in section D.5.4, most of the population dose for even severe accidents
occurs within the 16 km (10 mi) radius. Less energetic accident scenarios would cause less dispersion and
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Table D-5 Total Populations within Three Distances of Selected U.S. Ports

e : i Jo ke (10:m

NWS Concord, CA 14 71,152 381,07
MOTSU, NC 21 960 7.995
Tacoma, WA 04 172,124 511,575
Portland, OR 280 69,039 356,064
Elizabeth, NY 378 596,076 3,223,038
MOTBA, CA 419 312,133 1,288 699
Jacksonville, FL 523 72,313 334,212
Seattle, WA 557 270,145 753,296
Wilmington, DE 753 166,165 381,502
Gulfport, MS 761 50,218 113,153
Baltimore, MD 818 352,730 1,182,024
Savannah, GA 860 30,845 155,166
Long Beach, CA 1,025 270,336 1,014,418
Charleston, SC 1,550 81,874 233424
Qakland, CA 1,901 296,661 1,387,611
Miami, FL. 2,043 251,551 833,057
Fernandina Beach, FL. 2,086 11,787 32,952
Portsmouth, VA 2,554 269,314 665,700
Newport News, VA 2,637 86,993 430,757
Wilmington, NC 2,690 60,308 115,057
Los Angeles, CA 2918 362,397 1,124,493
Norfolk, VA 2,982 227,290 681,864
Boston, MA 3,084 495,679 1,466,233
Port Everglades, FL 3,927 175,320 714,176
Philadelphia, PA 5,878 50,687 1,915,775
Eddystone, PA 6,179 204,965 827,564
Galveston, TX 8,115 49,175 73,322
San Francisco, CA 9,671 592,869 1,265,529

even smaller doses beyond 16 km (10 mi). Therefore, DOE selected the 16 km (10 mi) radius population
to represent the port populations most likely to be impacted by both incident-free transport and the entire

range of potential port accidents.

1t should be noted that while the populations within the 16 km (10 mi) radius include the populations
within 0.8 km (0.5 mi) of the transportation route out to 16 km (10 mi) from the port and result in some
double-counting of populations, the results provide only somewhat conservative estimates of the total
aftected population for each port/management site combination considered.

The populations along truck and rail routes are those computed in Appendix E for the transportation
analysis impacts for incident-free transportation,

In summary, this evaluation considered the following population factors:

+ Total 1990 Census population within a 16 km (10 mi) radius of the port facilities, and

» Total 1990 Census population within 0.8 km (0.5 mi) of the transport route that would be
exposed during transport (from each port to each of the potential DOE management sites).
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The statistical distribution of these comibined populations for ttuck transport is shown in Figure D-6. The
distribution exhibits some skewing due to a few very large port/site populations, such as around Boston,
MA and Elizabeth, NJ. The statistical distribution of combined populations for rail transport is shown in
Figure D-7, and again exhibits some skewing due to a few very high population ports. These port/site
populations are not clearly normal and are better fit by a Poisson (so-called rare event) distribution, which
is often the case for small sample sizes. However, for purposes of developing a systematic and fair
method (i.e., one with minimal subjectivity) for evaluating port/site populations, DOE assumed, given the
large uncertainty and variances for the small sample sizes for each port/site combined population, that the
combined populations for truck transit and the combined populations for rail transit are approximately
normal. The port/site population distributions for each of the five management sites (truck and rail routes})
are shown in Figures D-8 through D-17, with the bounds associated with the mean plus and minus one
standard deviation marked for reference.

For purposes of identifying an acceptable range of ports of entry for the receipt of foreign research reactor
spent nuclear fuel, DOE assumed that port/site population combinations greater than approximately one
standard deviation above the mean would not be desirable (i.e., about 84 percent of the portsite
populations would exhibit statistically lower populations). Thus, the range of ports would include most of
the 28 ports being considered, but avoid the extremely large populations around Boston, MA, Elizabeth,
NJ, and Philadelphia, PA.

From the remaining 25 ports, DOE assumed that population combinations below the mean combined
population would meet the low population criterion while combined populations above the mean would
not. As seen in Figures D-8 through D-17, some unique port/site populations would be acceptable for
several potential management sites, while other populations would have very limited utility. The potential
usefulness of low population ports in relation to this EIS is addressed in Section D.1.9.6. This screening
would result in the elimination of an additional five commercial ports and one military port from the list.
These commercial ports are Baltimore, MD, and Long Beach, Los Angeles, Oakland, and San Francisco,
CA. The military port is Military Ocean Terminal Bay Area in Qakland, CA. The results of the
population screening are summarized in Figure D-18.

As previously discussed, the position of maritime experts (USMMA, 1994) is that all of the ports
evaluated under the DOE-developed criteria for populations could safely receive and tranship foreign
research reactor spent nuclear fuel to all five of the potential DOE management sites. Further, the EIS
analyses show that the conservatively calculated impacts would be extremely low. The identification of a
smaller number of preferred ports of entry is driven by the requirements of the National Defense
Authorization Act, not by any significant safety issues.

As promised in the Urgent Relief Environment Assessment, DOE has also considered future population
growth near potential port facilities over the time period considered in this EIS. Year 2010 estimates of
projected growth from the 1990 census populations were provided by the states hosting the selected ports
and other sources where necessary. Population growth patterns in port cities are continuously changing in
ways that cannot be accurately forecast 10 or more years into the future. Nevertheless, the projected port
populations based on these growth factors were scrutinized to be sure that no unacceptably large growth
would occur around the list of ports selected under the DOE “lowest human population” criterion. The
port growth factors used for projecting potential future impacts of port accidents are summarized in
Attachment D2 to this appendix, and were used to make final port selections, where appropriate, as
discussed in the next section.
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Figures based on 1990 Census Data
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Figures based on 1990 Census Data
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Figures based on 1990 Census Data
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Figures based on 1990 Census Data
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Figures based on 1990 Census Data
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Figures based on 1990 Census Data
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SELECTION AND EVALUATION OF POTENTIAL PORTS OF ENTRY

© Low Popuiation Criterla:

a Accepted 17 Commercial Ports:

Charleston, SC
Eddystone, PA
Fernandina Beach, FL
Galveston, TX
Gulfponrt, MS
Jacksonville, FL
Miami, FL

Newport News, VA
Norfolk, VA

Port Everglades, FL
Portland, OR
Portsmouth, VA
Savannah, GA
Seattle, WA
Tacoma, WA
Wilmington, DE
Wilmington, NC

b Accepted 2 Military Ports:
Military Ocean Terminal
Sunny Point, NC

Naval Weapons Station
Concord, CA

Broad List of Potential Ports
{153 Commercial and 8 Miltary)

Appropriate
Port
Experiance

Appropriale
Port Facilitios

Figure D-18 Screening Ports for DOE “Lowest Human Population” Criteria
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D.1.9.6 Desirable Port Attributes

As discussed in Section D.1.9, there are a number of desirable attributes that were not important enough
individually to reject an otherwise acceptable port, but have been collectively used to select proposed ports
from the list of ports found acceptable under the other DOE criteria. As an element of desirable attributes,
DOE examined the likely usefulness of ports for foreign research reactor spent nuclear fuel shipments to
any of the five DOE management sites.

The term “usefulness,” as used here, is a relative term wherein the relative numbers of scheduled shipping
lines and the types of ships that service each port and the countries served by those lines, are compared for
two or more otherwise acceptable ports for purposes of selecting the best of that group. This helped to
select the ports most likely to be useful in relation to this EIS. This information is shown in Table D-6.

In using these factors, the Ports of Newport News, Norfolk, and Portsmouth, VA, are examined as a single
port: Hampton Roads, VA. Table D-6 shows the results of the evaluation of the low population ports for
usefulness. The limited uscfulness of a port for truck or rail access and service to the potential foreign
research reactor spent nuclear fuel management sites eliminated the Ports of Eddystone, PA, Miami and
Port Everglades, FL, Wilmington, DE, and Seattle, WA from further consideration.

DOE also identified the most desirable attributes of the remaining ports, such as terminals that do not have
conflicting activities nearby (e.g., cruise ship lines, large tourist populations, large petroleum or
petrochemical facilities, etc.), and are well-separated from high density populations, have secure
short-term storage for contingencies, and have adequate emergency preparedness.

Absence of Conflicting Activities in Port Facilities

While it is the long-held position of DOE, Department of Transportation, and the NRC {(NRC, 1977) that
spent nuclear fuel shipped in certified Type B casks is well-protected from possible damage due to
accidental cask drops, transportation fires, or immersion in water, DOE also concluded that the small
public risks associated with such activities could be reduced further if the port in question also had no
potentially dangerous, unavoidable conflicting activities, such as regularly scheduled transport of
explosive or flammable cargoes, no petroleum carriers or storage facilities in the immediate vicinity of
foreign research reactor spent nuclear fuel carrying vessels, and no large numbers of tourists in the
immediate area of the terminal who could be unacceptably impacted by a severe accident (good planning
and scheduling for arrival of foreign research reactor spent nuclear fuel carrying vessels could mitigate
many potential conflicts). The absence of conflicting activitics at potential commercial ports was
considered in the final port selection to the maximum extent practicable.

A similar important factor for military ports is whether there is adequate separation of the potential port
facilities to be used for receipt of the spent nuclear fuel from other hazardous activities (e.g., loading
munitions). An exception would be military facilities that were designed and constructed to mitigate the
potential impacts of explosions or fires at other piers. Two examples of such facilities which were
accepted under the other DOE criteria are MOTSU, NC and the NWS Concord, CA, where such activities
are routinely carried out with a high degree of safety. In addition, such conflicts can be avoided by
scheduling foreign research reactor spent nuclear fuel shipments at times when no explosives are present at
piers.
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Table D-6 Relative Usefulness of Low Population Ports for Foreign Research
Reactor Spent Nuclear Fuel Shipments

Commercial
East Coast )
Charleston, SC T&R T&R T&R T&R T&R |Europe, Far East, Japan, Australia Yes
(Wando Terminal)
Eddystone, PA R No No No No |Ceniral/South America Yes
Fernandina Beach, FL. | T&R T&R T&R T&R T&R |South/Central America, Mediterranean Yes
{monthly)
Hampton Roads, VA T&R T&R T&R T&R T&R [Most of the world Yes
Jacksonville, FL. T&R T&R T&R T&R [ T&R |Most of the world Yes
Miami, FL. T&R No No No No {Central/South America, Yes
Mediterranean, Mexico, Far East
Port Everglades, FL. T&R | T&R No No No jSouth American, Northern Europe, Yes
Mediterranean, Mideast, Scandinavia
Savannah, GA T&R T&R T&R T&R T&R [Most of the world Yes
Wilmington, DE T&R T&R T T T |Central/South America Yes
Wilmington, NC T&R T&R T&R T&R T&R. |Northern Europe, Mediterranean, Yes
Mideast, East and South Africa, South
America, Far East, Ausiralia
Gulf Coast
Galveston, TX T&R | T&R T&R T&R | T&R |Nerthern Europe, Mediterranean, Yes
Mexico, South America, Central
America
Gulfport, MS T&R T&R T&R T&R | T&R |Northern Europe, Central/South Yes
America
West Coast
Portland, OR T&R T&R T&R T&R | T&R |Most of the Pacific Rim, Yes
Mediterranean
Seattle, WA No T T&R T&R | T&R |Most of the Pacific Rim, Yes
Mediterranean
Tacoma, WA T T T&R. T&R T&R |Most of the Pacific Rim, Yes
Mediterranean
Military
MOTSU (NC) T&R T&R T&R T&R | T&R [None Yes
NWS Concord (CA) No T&R T&R T&R | T&R |None Yes

SRS = Savannah River Site, ORR = Oak Ridge Reservation, INEL = Idaho National Engineering Laboratory,
HS = Hanford Site, NTS = Nevada Test Site; T = truck, R = rail

Emergency Response Capabilities

The U.S. Merchant Marine Academy Workshop identified the importance of a risk management staff and
emergency response capabilities (including response plans and training of operating personnel) in
determining the acceptability of ports for receipt and handling of foreign research reactor spent nuclear
fuel. DOE focused on identification of ports that have current emergency response plans and personnel
appropriately trained to respond to a port emergency to protect workers and the public from avoidable
risks (however small). Since few ports have detailed response plans for radiological emergencies
involving spent nuclear fuel, DOE determined that such shortcomings do not prevent consideration of such
ports provided the ports have in place appropriate response plans and training for hazardous cargo
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accidents, since many of the features are the same (e.g., identification of decisionmakers, first responders,
and support personnel to mitigate impacts of fires, etc.). In addition, for ports that have no specific
response plans for spent nuclear fuel accidents in port, DOE could provide assistance in the development
of radiological emergency response plans (in addition to existing hazardous cargo emergency response
capability) and training at such ports in the event they were ultimately selected for foreign research reactor
spent nuclear fuel shipments. Thus, appropriate plans and training would likely be in place prior to actual
receipt of any such shipments. Ports having current emergency response capabilities were considered
more desirable than those that do not. '

Spent Nuclear Fuel Handling Experience

The National Defense Authorization Act would also require, “to the maximum extent practicable,” that
the ports selected for receipt of foreign research reactor spent nuclear fuel have spent nuclear fuel handling
experience. At the present time, there are only a few ports in the United States with relatively recent
experience handling either spent nuclear fuel or high-level radioactivity in Type B casks. As a result, this
criterion, while desirable, unnececssarily restricts considerations to an unacceptably small group of
potential ports, and strictly applied, could preclude shipments of spent nuclear fuel from some of the
countries being considered under this EIS except by chartered ship. However, because all containerized
cargoes are handled in the same manner as the containerized spent nuclear tuel would be handled, DOE
concluded that current experience (especially any involving routine handling of potentially hazardous
cargoes, or other radicactive cargoes in Type B casks) is much more important for public safety than
foreign research reactor spent nuclear fuel handling experience in years past. This is especially true since
the trained longshoremen are likely to have changed jobs, ports, or retired during the several years between
the last shipments of spent nuclear fuel and the potential onset of future shipments under this EIS.

In addition, ports that have satisfied the “appropriatc experience” and “port facilities” criteria are
expected to be fully capable of currently handling spent nuclear fuel containers, and would gain experience
as the program progressed.

Environmental Concerns Near Poris

Marine areas, immediately surrounding most of the ports considered in this selection process, tend to be
severely impacted as a result of necessary periodic dredging or construction of new port facilities,
including turning basins, high volumes of marine fraffic, and routine port activities. As a result, ports
generally are no longer environmentally sensitive arcas within the context of NEPA., However, consistent
with U.S. Merchant Marine Academy Workshop recommendations and in response to public comments,
DQCE decided that when special protected or sensitive areas were identified nearby the terminal(s) being
considered, these areas would be identified in the EIS and used for final port identification as appropriate.
No serious issues have been identified in the immediate vicinity of any ports selected under the DOE low
population criterion review, with the possible exception of the NWS Concord, CA and Fernandina
Beach, FL.

Environmental Concerns from Severe Natural Phenomena

Other factors that were considered desirable attributes for ports include average or lower risks from severe
weather (e.g., extremely high winds, hurricanes, etc.) or other natural phenomena (e.g., seiches,
earthquakes, volcanism, etc.). These attributes are not expected to be of great significance in practice,
since the time involved with potential receipt and transhipment of containerized spent nuclear fuel
represents such an extremely short period of risk (typically less than 24 hours), that the probability of
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severe natural phenomena impacting foreign research reactor spent nuclear fuel shipments is vanishingly
small. Further, some natural events, such as hurricanes, can often be avoided. However, these
characteristics were examined in conducting the port evaluation.

Separation of Port Facilities from Urban Populations

The following desirable characteristics are examined:

+ Terminals used for spent nuclear fuel shipments should be physically separated from
densely populated city centers (by several kilometers if possible) to help ensure that the
general public would be unlikely to be exposed to significant radiation doses from either
incident-free transport or accidents within the port (e.g., cask drops, fires, or truck or rail
accidents, etc.).

o Transport of spent nuclear fuel through large, densely-populated, congested areas around
the port should be avoided where practical.

These geographic/demographic characteristics, while not explicitly addressed in the evaluation of “lowest
human populations” for ports, are implicitly included in the 16 km (10 mi) radius populations used for
screening ports. While absence of these characteristics would not necessarily eliminate the use of such
ports under this EIS, DOE reviewed these ports to determine if there were terminals or piers within the
port that provided these characteristics. In many cases, development of new port facilities in recent years
has resulted in specific terminals and/or piers that meet all of the required criteria (USMMA, 1994, and
NDAA, 1993), and that also have most or all of the additional desirable characteristics (e.g., the Wando
Terminal in Charleston, SC, the Blount Island Terminal in Jacksonville, FL., or Terminal Té in Pertland,
OR).

Absence of Local Restrictions on Receipt and Handling of Spent Nuclear Fuel

Another desirable port factor recommended by the U.S. Merchant Marine Academy Workshop is the
absence of local regulatory restrictions on receipt and handling of spent nuclear fuel. It is well established
that focal restrictions on international or interstate commerce are void under the U.S. Constitution, and
similar challenges have been rejected by the Federal courts. For example, the Port of Oakland, CA
indicated that a citizen’s legislative initiative in 1987 led to a ban on the handling and transport of foreign
research reactor spent nuclear fuel through the port. Although Oakland’s ban was invalidated by the
Federal District Court, the Port Authority has maintained some control over radioactive shipments through
the port through its permitting system (Adams, 1993). Nevertheless, although claiming to be a “nuclear
free zone,” the port continues to allow permitted shipments of certain radioactive materials, handling
approximately 500 metric tons (551 tons) of radioactive shipments between January and June 1994
{Adams, 1994).

Further, if DOE were to avoid selection of ports with restrictions by local ordinances, every port wishing
to close its doors to receipt of spent nuclear fuel (or any other type of cargo) would simply promulgate an
ordinance. Therefore, the EIS will only identify existing local restrictions (formal or informal) in section
D.2 for consideration by decisionmakers, and this criterion will have no immediate impact on
determination of the acceptability of ports within this EIS.
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Secure Short-Term Storage

Although the National Defense Authorization Act requires, to the extent practicable, expeditious
movement of casks from a port, the presence of regular guards, fences, and lighted areas that provide
security at all times is a desirable atfribute. Such additional features provide assurance of safe segregation
and short-term storage of foreign research reactor spent nuclear fuel shipments away from workers and the
public in the event of unexpected local occurrences, such as snow or ice storms, traffic congestion, and
other events beyond the control of spent nuclear fuel shippers.

To best comply with this attribute, the storage area should be one designated for the storage of hazardous
materials (referred to as a facility of particular hazard). Such designations are normally simple processes
which result in U.S. Coast Guard approval following a request by the terminal operator. While all the
military ports are designated as *facilities of particular hazard,” some commercial facilities may only
request periodic designations for specific incoming or outgoing cargoes (e.g., the Port of Tacoma, WA
periodically designates Terminal 7B for occasional shipments of potentially explosive ammonium nitrate).
Table D-7 shows which commercial ports have traditionally had secure storage areas for hazardous
cargoes, and DOE has assumed such storage would be available in the future for receipt and short term
storage of foreign research reactor spent nuclear fuel. (More detailed information on “facilities of
particular hazard” may be found in section D.4.3).

D.1.10 Application of the Desirable Port Attributes in Port Selection

As a result of the evaluation of desirable attributes, two additional ports, Fernandina Beach, FL, and
Gulfport, MS, were removed from the potential ports of entry list (Table D-7). The port of Fernandina
Beach, FL, is not well-separated from the urban population surrounding the port, and the population is
expected to substantially grow by about 82 percent by the year 2010 (see Attachment D2). Also, entry to
the port requires ship passage through a State sea manatee (an endangered species) preserve. The Port of
Gulfport, MS, does not currently have a well-secured area designated for the storage of foreign research
reactor spent nuclear fuel, and it is unlikely it ever will due to casino operations. There is a former cruise
ship terminal at the East Pier, which is slated for new casino development, a floating casino located in the
port and two new casinos on the West Pier. In addition, the port is not well-separated from surrounding
urban population.

Conclusion

As a result of the evaluation, ten ports remained as the final list of ports acceptable for the potential
receipt, handling, and transhipment of foreign research reactor spent nuclear fuel. These ten ports
[Charleston, SC; Galveston, TX; Hampton Roads (includes terminals in Newport News, Norfolk, and
Portsmouth), VA; Jacksonville, FL; MOTSU, NC; NWS Concord, CA; Portland, OR; Savannah, GA;
Tacoma, WA, and Wilmington, NC] represent the final list of ports considered for the receipt of foreign
research reactor spent nuclear fuel.

D.2 Detailed Information on Potential Ports of Entry

This section of Appendix D provides detailed information that served as the bases for identifying the
candidate ports addressed in Section D.1. For convenience, the port details are divided into two
categories: (1) the DOE candidate ports of entry that met the criteria developed for port identification in
Section D.1, and (2) the remainder of the ports that fully or marginally satisfied the first criterion for
appropriate port experience. Within each of the categories, the ports are arranged in alphabetical order.
The location of the ports is shown in Figure D-1.
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Table D-7 Use of Desirable Attributes for Selecting Final “Low Population” Ports
for Foreign Research Reactor Spent Nuclear Fuel Shipments

Commercial
Fast Coast
Charleston, SC Yes (Wando) Yes Yes Yes E.H Yes (Wando)
Fernandina Beach, FL. T Yes No Some (Manatee) H No
Hampton Roads, VA Yes Yes Yes® Yes Yes Yes (Newport
News, VA)
Jacksonville, FL. Yes (Blount Yes Yes Yes H Yes (Blount Island)
Island)
Savannah, GA P Yes Yes” Yes E.H Yes (Container
Port)
Wilmington, NC P, Some Ex* Yes Yes Yes H Yes
Gulf Coast
Galveston, TX Some P, T, Yes Yes® Yes H No
Ex’
Gulfport, MS T Yes No Yes H No
West Coast
Portland, OR Yes Yes Yes® Yes EV Yes (T6)
Tacoma, WA Yes, some Fx* Yes Yes Yes E,V Yes
Military
MOTSU (NC) Ex* Yes Yes Yes H Yes
NWS Concord {CA) Ex* Yes Yes Some (wetlands E Yes
and Tule elk)

Ex= explosives, T = tourism, P = petroleum handling/storage facilities, H = hurricanes/tropical storms,
V = volcanoes, E = earthquakes
“Separation of piers and scheduling of spent nuclear fuel and explosive shipments on different days makes
consideration of these ports appropriate
No currently designated facilities of particular hazard at preferred terminal(s)

“Extensive casino develo pment within 1,000 feet

D.2.1 Detailed Information on Candidate Ports of Entry

D.2.1.1 Charleston, SC (Includes the Naval Weapons Station Terminal and the Wando Terminal)

Charleston is the largest port city in South Carolina, and the greater Charleston area is one of the major
seaports on the East Coast of the United States. The city of Charleston itself is located at the confluence of
the Cooper and Ashley Rivers, approximately 11 km (7 mi) from the entrance from the sea. The principal
wharves are along the west bank of the Cooper River except for the Wando Terminal which is along the
east bank of the Wando River near Mount Pleasant, about 20 km (11 mi) from the Atlantic Ocean. The
city is the center of a rich agricultural district for which it is the distribution point. The entrance to the
harbor is maintained by a Federal project providing a channel depth of 10.7 m (35 ft) over the bar, through
the entrance and into the major reaches of the Cooper River. The harbor is easy to access in day or night
in clear weather, and is one of the best harbors of refuge on the South Atlantic coast (DOC, 1993d). The
maps of the port are shown in Figures D-19 (Naval Weapons Station, Charleston) and D-20 (Wando
Terminal).
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However, the areas to the east and southeast of the port entrance are used extensively by the U.S. Navy
and other military services for training exercises which may result in occasional restrictions. Under
unfavorable weather conditions current velocities in some areas have been reported as high as
2.1 meters-per-sec (4 knots) (DOC, 1993d). All of the port terminals have 12.2 m (40 ft) of water
alongside at mean low water. The port is serviced by many of the world’s largest container shipping lines
(a total of 56), that handled 807,106 standard 20-ft container equivalents in 1991 (AAPA, 1993; FHI,
1993a). These lines provide service between Europe, the Far East, Japan, Australia and other countries
(Jane's, 1992), '

The South Carolina State Ports Authority owns and operates four large general cargo and container
terminals within the greater Charleston area. The City of Charleston hosts two facilities (Union Pier
Terminal and Columbus Street Intermodal Terminal) that were eliminated from consideration because they
are not well separated from dense urban populations, and are within the city limits and subject to potential
restrictions on receipt and handling of spent nuclear fuel (Jane’s, 1992; AAPA, 1993).

The North Charleston Terminal is a container terminal located about 16 km (10 mi) upstream from the city
of Charleston. This facility was considered to be inferior to the Wando Terminal because it requires
additional transport up a heavily trafficked and more confining channel (only about 120 m (or 400 ft) wide
in many reaches} on the upper Cooper River, with ships required to pass below an additional bridge

| (1-526) over the river (in comparison to Wando Terminal). Further, superior facilities and better
separation from populated areas are found at the Wando Terminal discussed below.

In the Draft version of this EIS, only the Wando Terminal was addressed in detail. Public commentors
from the Charleston area and other candidate port areas suggested that DOE further consider military
ports. Since the Draft EIS was published, the Record of Decision for the SNF&INEL Final EIS
(DOE, 1995) directs all aluminum-based spent nuclear fuel to the Savannah River Site. Because of the
public requests and the relative proximity of the Savannah River Site to the greater Charleston area, the
NWS Charleston has been added as a candidate port of entry, and detailed information is provided in the
following section.

Other Pertinent Information;. The City of Charleston has a city ordinance restricting the transport of spent

nuclear fuel through the city. According to information gathered, the ordinance does not preclude

shipment, but requires a permit and approval from the city. The Sandia National Laboratories Radioactive

Materials Postnotification Database indicates that the port has not received any spent nuclear fuel since the

database was initiated in October 1984 (SNL, 1994), and the NRC has no record of foreign research

reactor spent nuclear fuel shipments since 1979, when NRC began approving spent nuclear fuel shipments
| (NRC, 1993). From discussions with senior port officials, it was determined that Wando Terminal would
handle spent nuclear fuel shipments provided they had the approval of the U.S. Coast Guard Captain of the
port and the Charleston Fire Department (Moise et al., 1993). Use of City terminals, rather than the
Wando Terminal, has the potential for delays in the receipt and transhipment of foreign research reactor
spent nuclear fuel, which could result in failing to move the foreign research reactor spent nuclear fuel
from the port of entry to the management site “expeditiously.” The NWS Charleston is capable of
handling spent nuclear fuel shipments provided that the NWS Charleston reccives appropriate program
"Waivers”. A program waiver would have to be issued by the Chief of Naval Operations to allow NWS
Charleston facilities to be used to handle spent nuclear fuel shipments. Event waivers would have to be
issued by the NWS Charleston Commanding Officer to allow each shipment to be handled. Event waivers
are routine procedures used by the NWS Charleston Commanding Officer to place restrictions on
conflicting activities, such as ammunition handling (Stark, 19953).
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The South Carolina State Ports Authority Port Police are part of an emergency response team comprised of
the local fire departments, Coast Guard, and private hazardous materials response organizations. The
Ports Authority provides operating personnel basic hazardous materials training. Dock workers are trained
in hazardous materials placard recognition and other basic information by the port’s stevedores. Security
is provided by perimeter fencing with controlled access and the South Carolina State Ports Authority
Police Force, which maintains 24-hour manned access booths, patrols, and surveillance. All container
terminals have secure, open and/or covered sto